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ABSTRACT
The d e g r a d a t i o n  o f  p o l y [ o x y - 1 , 4 - p h e n y l e n e ( 1 - m e t h y l -
e t h y l i d e n e ) - l , 4 - p h e n y l e n e - o x y - l , 4 - p h e n y l e n e s u l f o n y l - l , 4 -
p h e n y l e n e ]  ( p o l y ( a r y l e t h e r  s u l f o n e ) ) ,  1 , p o l y [ o x y - 1 , 4 -
p h e n y l e n e s u l f o n y l - 1 , 4 - p h e n y l e n e - o x y - ( 2 - m e t h y l ) - 1 , 4 -
p h e n y l e n e - ( 1 - m e t h y l e t h y l i d e n e ) - ( 2 - m e t h y l ) - l , 4 - p h e n y l e n e ]
( p o l y ( 2 - m e t h y l a r y l e t h e r  s u l f o n e ) ) ,  and p o l y [ o x y - 1 , 4 -
p h e n y l e n e s u l f o n y l - 1 , 4 - p h e n y l e n e - o x y - ( 2 - n i t r o ) - l , 4 - p h e n y l e n e -
( l - m e t h y l e t h y l i d e n e ) - ( 2 - n i t r o ) - l , 4 - p h e n y l e n e ]  ( p o l y ( 2 - n i t r o -
a r y l e t h e r  s u l f o n e ) ) ,  p romot ed  by e x c e s s  sod ium m e t h o x i d e  was
e v a l u a t e d  s p e c t r o p h o t o m e t r i c a l l y . C o n d e n s a t i o n  o f  2 , 2 ' -
b i s ( 4 - h y d r o x y - 3 - m e t h y l p h e n y l ) p r o p a n e , 8 ,  w i t h  4 , 4  *- d i c h l o r o -
d i p h e n y l s u l f o n e  y i e l d e d  p o l y ( 2 - m e t h y l a r y l e t h e r  s u l f o n e ) ;  t h e
c o r r e s p o n d i n g  model  s egmen t  o f  2 , 2 ' - b i s [ 3 - m e t h y l - 4 - ( 4 -
p h e n y l s u l f o n y l  p h e n o x y ) - p h e n y l ] p r o p a n e  was p r o d u c e d  by
c o n d e n s a t i o n  o f  8  w i t h  4 - c h l o r o p h e n y l p h e n y l s u l f o n e , 7 .
D i r e c t  n i t r a t i o n  o f  1 w i t h  ammonium n i t r a t e  i n  t r i f l u o r o -
a c e t i c  a n h y d r i d e  p r o d u c e d  p o l y ( 2 - n i t r o a r y l e t h e r  s u l f o n e ) .
The model  s egment  o f  1 p r o d u c e d  by r e a c t i o n  o f  2 , 2 ' - b i s ( 4 -
h y d r o x y p h e n y l ) p r o p an e  ( b i s p h e n o l - A )  w i t h  7 ,  was n i t r a t e d  t o
o b t a i n  model  s egmen t  o f  2 , 2 ' - b i s [ 3 - n i t r o - 4 - ( 4 - p h e n y l s u l f o n y l
p h e n o x y ) - p h e n y l ] p r o p a n e . The r a t e  o f  po l ymer  d e g r a d a t i o n
was e s t i m a t e d  by o b s e r v i n g  t h e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n
o f  p h e n o l a t e  end g r o u p s  i n  t h e  p r e s e n c e  o f  sod ium m e t h o x i d e .
I t  was shown t h a t  l e s s  t h a n  6% d e g r a d a t i o n  o f  t h e  most
r e a c t i v e  p o l y m e r ,  p o l y ( 2 - n i t r o a r y l e t h e r  s u l f o n e )  o c c u r r e d
x i v
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a f t e r  one week a t  25 °C.  Compar i son  o f  t h e  
s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  w i t h  v i s c o s i t y  c h a n g e s  
i n d i c a t e d  t h a t  d e g r a d a t i o n  o c c u r r e d  by random c l e a v a g e  of  
t h e  c h a i n  s e g m e n t s .
P o l y [ o x y - 1 , 4 - p h e n y l e n e - ( 1- m e t h y l e t h y l i d e n e ) - l , 4 -  
p h e n y l e n e - o x y - ( 2 - c y a n o - l , 3 - p h e n y l e n e ] was p r e p a r e d  f rom 
b i s p h e n o l - A  and 2 , 6 - d i c h l o r o b e n z o n i t r i l e . D i r e c t  r e d u c t i o n  
w i t h  l i t h i u m  a luminum h y d r i d e  y i e l d e d  t h e  d e s i r e d  p o l y [ o x y -  
l , 4 - p h e n y l e n e - ( l - m e t h y l e t h y l i d e n e ) - l , 4 - p h e n y l e n e - o x y - ( 2 -  
a m i n o m e t h y l ) - l , 3 - p h e n y l e n e ] , 4 5 ,  [ f |  ] = 0 . 3 0  d l / g .  The 
p r i m a r y  amine  f u n c t i o n a l i t y  o f  4 5  e x h i b i t e d  t h e  n u c l e o p h i l i c  
p r o p e r t i e s  e x p e c t e d .  Q u a n t i t a t i v e  a l k y l a t i o n  w i t h  m e t hy l  
i o d i d e  was e f f e c t e d  a t  room t e m p e r a t u r e  i n  m e t h a n o l ;  and 
a n h y d r o u s  p o t a s s i u m  b i c a r b o n a t e  was employed a s  t h e  a c i d  
a c c e p t o r .  The p o l y ( q u a t e r n a r y - a m m o n i u m  s a l t ) ,  e x h i b i t e d  an 
i n t r i n s i c  v i s c o s i t y  o f  0 . 7  d l / g  i n  m e t h a n o l .  T r e a t m e n t  o f  
4 5  w i t h  c a r b o n  d i s u l f i d e  i n  sod ium h y d r o x i d e  y i e l d e d  a 
p o l y ( s o d i u m  d i t h i o c a r b a m a t e  s a l t ) ,  w i t h  an e x t e n t  o f  
s u b s t i t u t i o n  = 0 . 6 6 .
R e a c t i o n  o f  i s o c y a n a t o e t h y 1 m e t h a c r y l a t e  (IEM) 
p r o c e e d e d  r e a d i l y  a t  room t e m p e r a t u r e  t o  form a s u b s t i t u t e d  
u r e a  a d d u c t ,  which  r e t a i n s  100% o f  t h e  m e t h a c r y l  g r o u p s .  
G r a f t  c o p o l y m e r i z a t i o n  w i t h  t h e  r e s i d u a l  m e t h a c r y l  g r o u p s  i n  
t h e  a d d u c t  and m e t h y l  m e t h a c r y l a t e  was e f f e c t e d  by means o f  
p h a s e - t r a n s f e r  p r o mo t ed  f r e e  r a d i c a l  r e a c t i o n s ,  i . e .  
p o t a s s i u m  p e r o x y d i s u l f a t e  i n  t h e  p r e s e n c e  o f  1 , 4 , 7 , 1 0 , 1 3 , 1 6 -
h e x a o x a c y c l o o c t a d e c a n e  ( 1 8 - c r o w n - 6 ) .
XV
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CHAPTER 1
INTRODUCTION
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2I n t r o d u c t i o n :
S y n t h e t i c  p o l y m e r s  have  been  c o n s i d e r e d  f o r  a v e r y  l on g  
t i m e  a s  m a t e r i a l s ,  i n t e n d e d  t o  r e p l a c e  n a t u r a l l y  o c c u r r i n g  
s u b s t a n c e s  such  a s  c e l l u l o s e ,  wood,  woo l ,  and s i l k  i n  many 
p r a c t i c a l  a p p l i c a t i o n s .  Po lymer  m o d i f i c a t i o n  i s  a qui- te  
b road  and r a p i d l y  e x p a n d i n g  a r e a  o f  s c i e n c e  which  h a s  been 
e x t e n s i v e l y  s t u d i e d  d u r i n g  t h e  l a s t  d e c a d e .  Po lymer  
m o d i f i c a t i o n ,  i n c l u d i n g  b o t h  p h y s i c a l  ( e n t a n g l e m e n t ,  
e n t r a p m e n t ,  and r a d i a t i o n - i n d u c e d  c h a n g e s ) ,  and c h e m i c a l  
m o d i f i c a t i o n s  ( c h e m i c a l  r e a c t i o n s  on p o l y m e r s )  a r e  c a r r i e d  
o u t  i n  o r d e r  t o  e n h a n c e  t h e  p r o p e r t i e s  o f  p o l y m e r i c  
m a t e r i a l s  s i n c e  t h e  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  t h e  
p o l y m e r s  o f t e n  depend  on t h e  s t r u c t u r e  o f  t h e  po lymer  
m a t r i x .  Some e xampl es  o f  m o d i f i e d  p r o p e r t i e s  a r e  e nhanc ed  
t h e r m a l  s t a b i l i t y ;  m u l t i p h a s e  p h y s i c a l  r e s p o n s e s ;  b i o l o g i c a l  
r e s i s t a n c e ;  c o m p a t i b i l i t y  o r  d e g r a d a b i l i t y ; i m p a c t  r e s p o n s e ;  
f l e x i b i l i t y ;  r i g i d i t y ^ .  By i n t r o d u c i n g  g r o s s  o r  s u b t l e  
c h a n g e s  t o  e nh an c e  t h e  p r o p e r t i e s  o f  p o l y m e r i c  m a t e r i a l s ,  
c h e m i s t s  c an  e x t e n d  t h e  r a n g e  o f  po l ymer  a p p l i c a t i o n s .
Rapid  g ro wt h  i n  t h i s  f i e l d  can  be i l l u s t r a t e d  by t h e  g r o wi n g
2—28 29 30number o f  r e v i e w  a r t i c l e s  and monographs  ’ p u b l i s h e d
d u r i n g  t h e  p a s t  d e c a d e .
3
S i n c e  t h e  p i o n e e r i n g  work of  M e r r i f i e l d  , an i n c r e a s i n g  
number o f  c h e m i s t s  have  s t a r t e d  t o  r e a l i z e  t h e  t r e m e n d o u s  
p o t e n t i a l  o f  t a i l o r e d  s y n t h e t i c  p o l y m e r s  a s  " c h e m i c a l l y  
a c t i v e "  s u b s t a n c e s ,  f o r  i n s t a n c e ,  m a c r o m o l e c u l a r  c a t a l y s t s ,
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3enzyme c a r r i e r s ,  and m a c r o m o l e c u l a r  d r u g s .  I n d e e d ,  p o l yme rs
a s  r e a g e n t s  show i n  some c a s e s  g r e a t  a d v a n t a g e s  o v e r  t h e i r
16low m o l e c u l a r  mass  a n a l o g u e s  . One o f  t h e  b i g g e s t
a d v a n t a g e s  i s  t h e  e a s e  o f  s e p a r a t i o n  o f  t h e  po l ymer  r e a g e n t ,
which  i n  mos t  c a s e s  i s  an  i n s o l u b l e  p o l y m e r .  I n  some c a s e s
t h e  po l ymer  r e a g e n t  can  be u s ed  i n  g r e a t  e x c e s s  i n  o r d e r  t o
g i v e  h i g h  y i e l d s  o f  t h e  d e s i r e d  p r o d u c t  w i t h o u t  any
d i f f i c u l t i e s  i n  t h e  work up p r o c e s s .  R e a c t i v e ,  t o x i c  o r
m a lo d o r o u s  compounds  may be h a n d l e d  much more s a f e l y  and
c o m f o r t a b l y  when t h e y  a r e  used  i n  a p o l y m e r i c  f o r m.  T h i s  i s
o f  s p e c i a l  i n t e r e s t  when t h e  low m o l e c u l a r  mass  compounds
a r e  s e n s i t i v e  t o  a i r ,  may be d a n g e r o u s  t o  h a n d l e  b e c a u s e  o f
t h e i r  a b i l i t y  t o  e x p l o d e ,  o r  a r e  t o x i c .  E s p e c i a l l y  i n
p h a r m a c e u t i c a l  c h e m i s t r y ,  where  s u b s t a n c e s  o f  h i g h  p u r i t y
have  t o  be p r o d u c e d  f r e e  f rom c o n t a m i n a t i o n  o f  t h e  r e a g e n t ,
t h i s  method o f  p r e p a r i n g  c h e m i c a l  compounds i s  v e r y  u s e f u l .
I n  some c a s e s  i t  i s  p o s s i b l e  t o  work w i t h  po l ymer  r e a g e n t s
i n  co lumns  l i k e  i o n - e x c h a n g e r s . T h i s  i s  a u s e f u l  c o n c e p t
f o r  r e a c t i o n s  which  a r e  t o  be c a r r i e d  o u t  c o n t i n u o u s l y .
The r e a c t i v i t y  o f  f u n c t i o n a l  g r o u p s  o f  m a c r o m o l e c u l e s
31may d i f f e r  f rom t h a t  o f  low m o l e c u l a r  mass  a n a l o g u e s
These  v a r i a t i o n s  a r e  c o n n e c t e d  w i t h  s t e r e o c h e m i c a l
i n f l u e n c e s ,  w i t h  n e i g h b o r i n g  g r oup  e f f e c t s  and w i t h
c o n f o r m a t i o n a l  and s u p e r m o l e c u l a r  c h a r a c t e r i s t i c s  o f
32p o l y m e r i c  r e a g e n t s  . The i n v e s t i g a t i o n  o f  c h e m i c a l  
r e a c t i o n s  a p p l i e d  t o  t h e  p e n d a n t  f u n c t i o n s  o f  po lymer  
s p e c i e s  t h u s  r e q u i r e s  much c a r e  and e x t e n s i v e
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c h a r a c t e r i z a t i o n  o f  t h e  m o d i f i e d  p o l y m e r s .  T h e r e  may be 
s i d e  r e a c t i o n s  i n v o l v e d ,  l e a d i n g  t o  c h a i n  s c i s s i o n  o r  i n  
some c a s e s  c r o s s l i n k i n g .  O t h e r  s i d e  r e a c t i o n s  may l e a d  t o  
unwan ted  f u n c t i o n s  which  can  r e ma i n  a t t a c h e d  t o  t h e  c h a i n .
B a s i c a l l y ,  m o d i f i c a t i o n  o f  p o l y m e r s  by a t t a c h i n g  an
a p p r o p r i a t e  c h e m i c a l  f u n c t i o n  o r  a p p r o p r i a t e  s e t  of
d i f f e r e n t  f u n c t i o n s  t o  a m a c r o m o l e c u l a r  backbone  can  be
33a c h i e v e d  w i t h  two p r i n c i p a l  me t hods  . The f i r s t  method i s  
t o  p o l y m e r i z e  o r  c o p o l y m e r i z e  s u i t a b l e  monomers a l r e a d y  
c o n t a i n i n g  t h e  d e s i r e d  f u n c t i o n s  i n  t h e i r  m o l e c u l e s .  The 
s ec on d  method i n v o l v e s  p e r f o r m i n g  one o r  more m o d i f i c a t i o n  
r e a c t i o n s  on a s u i t a b l e  m a c r o m o l e c u l e ,  t h u s  i n t r o d u c i n g  t h e  
d e s i r e d  f u n c t i o n s  on a p r e - s y n t h e s i z e d  p o l y m e r ,  f o r  
i n s t a n c e ,  s u l f o n a t i o n ,  c h l o r o m e t h y l a t i o n , n i t r a t i o n ,  
h a l o g e n a t i o n , e t c . ,  on v i n y l  a r o m a t i c  p o l y m e r s ,  s uch  a s  
p o l y s t y r e n e  (Scheme 1 - 1 ) .  B a s i c a l l y ,  t h e  t e c h n i q u e s  used  do 
n o t  d i f f e r  f rom what  i s  n o r m a l l y  i n d i c a t e d  i n  t h e  o r g a n i c  
c h e m i s t r y  o f  a r o m a t i c  s u b s t i t u t i o n s ,  p r o v i d e d  t h a t  
a c c e s s i b i l i t y  o f  t h e  r e a g e n t  i s  n o t  l i m i t e d  by c h a r g e  
r e p u l s i o n  o r  s t e r i c  b l o c k i n g .
I t  i s  a p p a r e n t  t h a t  t h e  f i r s t  method c a n n o t  be 
u n i v e r s a l l y  a p p l i e d  b e c a u s e  o f  i t s  i n h e r e n t  l i m i t a t i o n s .  
F i r s t ,  t h e  d e s i r e d  f u n c t i o n ,  o r  one o f  t h e  d e s i r e d  f u n c t i o n s  
i f  s e v e r a l  a r e  r e q u i r e d ,  may i n t e r f e r e  w i t h  t h e  
p o l y m e r i z a t i o n  p r o c e s s .  S e c o n d l y ,  s y n t h e s i s  o f  t h e  s t a r t i n g  
monomers may be d i f f i c u l t  o r  even  v i r t u a l l y  i m p o s s i b l e ,  
e s p e c i a l l y  i f  complex s t r u c t u r e s  a r e  r e q u i r e d .  I n  t h e s e
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5Scheme 1 - 1 .  F u n c t i o n a l i z a t i o n  o f  P o l y s t y r e n e .
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6c a s e s ,  i t  may be n e c e s s a r y  t o  f u n c t i o n a l i z e  p r e - e x i s t i n g  
p o l y m e r s  o f  a s u i t a b l e  s t r u c t u r e .
I f  a f u n c t i o n a l  g r o u p  c a n n o t  be c o n v e n i e n t l y  i n t r o d u c e d  
a s  s u c h  by p o l y m e r i z a t i o n  o n t o  a po ly me r  b a c k b o n e ,  t h e r e  a r e  
t h r e e  s y n t h e t i c  ways o f  o b t a i n i n g  t h e  d e s i r e d  end p r o d u c t .
The f i r s t  method i s  t o  a t t a c k  a c o n v e n t i o n a l  po lymer  
w i t h  a s u i t a b l e  r e a g e n t .  An e xampl e  o f  t h i s  p r o c e d u r e  i s  
t h e  c h l o r o m e t h y l a t i o n  o f  p o l y s t y r e n e  i n  o r d e r  t o  i n t r o d u c e  
-CH2 CI g r o u p s  a s  a s t a r t i n g  p o i n t  f o r  f u r t h e r  m o d i f i c a t i o n  
r e a c t i o n s  (Scheme 1 - 2 ) .
The s e c on d  method i n v o l v e s  p r e p a r i n g  and p o l y m e r i z i n g
monomers c o n t a i n i n g  c h e m i c a l  g r o u p s  w h i c h ,  t h o u g h  i n e r t
t o w a r d  t h e  p o l y m e r i z a t i o n  p r o c e s s e s ,  may be e a s i l y  c o n v e r t e d
i n t o  t h e  d e s i r e d  f u n c t i o n s  by a m o d i f i c a t i o n  r e a c t i o n
p e r f o r m e d  on t h e  r e s u l t i n g  p o l y m e r s .  T h i s  method h a s  been
w i d e l y  a p p l i e d ,  f o r  i n s t a n c e ,  i n  s y n t h e s i s  o f  p o l y m e r s
c o n t a i n i n g  p h e n o l i c  g r o u p s  . A p h e n o l i c  f u n c t i o n ,  i n  f a c t ,
i s  w e l l  known t o  i n t e r f e r e  w i t h  r a d i c a l  p o l y m e r i z a t i o n  as
w e l l  a s  w i t h  mos t  r e a c t i o n s  p r o c e e d i n g  t h r o u g h  a r a d i c a l
mechan i sm.  Thus ,  a monomer l i k e  v i n y l p h e n o l  h a s  t o  be
e x p e c t e d  t o  be s e l f - p o i s o n i n g  i n  s uch  a p r o c e s s .  Hence ,
d i r e c t  p o l y m e r i z a t i o n  o f  v i n y l p h e n o l  gave  o n l y  low m o l e c u l a r
34 44w e i g h t  p o l y m e r s .  High m o l e c u l a r  w e i g h t  p o l y v i n y l p h e n o l  ' 
was o b t a i n e d  by r a d i c a l  p o l y m e r i z a t i o n  o f  t h e  c o r r e s p o n d i n g  
a c e t o x y  d e r i v a t i v e s ,  f o l l o w e d  by h y d r o l y s i s  o f  t h e  a c e t o x y  
g r o u p s  (Scheme 1 - 3 ) .
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7Scheme 1 - 2 .  F u n c t i o n a l  Groups  I n t r o d u c e d  i n t o  Polymer  
v i a  C h l o r o m e t h y l a t e d  P o l y m e r s .
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8Scheme 1 - 3 .  S y n t h e s i s  o f  P o l y v i n y l  P h e n o l  by R a d i c a l
P o l y m e r i z a t i o n  o f  t h e  C o r r e s p o n d i n g  Acetoxy 
D e r i v a t i v e s ,  F o l l o we d  by H y d r o l y s i s  o f  t h e  
Ace toxy  G ro u ps .
AAA/CH0 -  CH^AAAA /W C H „ - CHAAAA
a q .  NaOH
OAcOAc
The t h i r d  method c o n s i s t s  o f  s y n t h e s i z i n g  f i r s t
m a c r o m o l e c u l e s  w i t h  c h e m i c a l  f u n c t i o n s  a b l e  t o  r e a c t
s e l e c t i v e l y  and q u a n t i t a t i v e l y  w i t h ,  f o r  i n s t a n c e ,  h y d r o x y l
o r  amino g r o u p s ,  t o  p r o d u c e  e s t e r  o r  amide  b o n d s .  By a
«
s u b s e q u e n t  r e a c t i o n  s t e p s  p e r f o r m e d  w i t h  a l c o h o l s  o r  a mi nes
b e a r i n g  t h e  d e s i r e d  g r o u p s  a t t a c h e d  a s  s u b s t i t u e n t s ,
i n c l u d i n g  s uch  h i g h - m o l e c u l a r  w e i g h t  s u b s t a n c e s  a s  n a t u r a l
p r o t e i n s ,  m u l t i f u n c t i o n a l  p o l y m e r s  may u l t i m a t e l y  be
o b t a i n e d .  T h i s  method h a s  been u n d e r  i n v e s t i g a t i o n  w i t h  a
view t o  d e v e l o p i n g  s y n t h e t i c  m u l t i f u n c t i o n a l  p o l y m e r s  w i t h
complex s t r u c t u r e s  t o  be t e s t e d  a s  a r t i f i c i a l  enzymes  o r
p o l y n u c l e i c  a c i d  s u b s t r a t e s .
Most  o f  t h e  e v o l v i n g  f u n c t i o n a l i z e d  p o l y m e r s  have  been
45d e v e l o p e d  f rom p o l y s t y r e n e  r e s i n s  . L i t t l e  a t t e n t i o n  h a s  
been  d i r e c t e d  t ow ar d  t h e  m o d i f i c a t i o n  o f  c o n d e n s a t i o n  
p o l y m e r s  a l t h o u g h  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e s e  
m a t e r i a l s  a r e  o f t e n  s u p e r i o r  t o  t h o s e  e x h i b i t e d  by 
p o l y s t y r e n e .  C o n d e n s a t i o n  p o l y m e r s  c a n n o t  be p r e p a r e d  w i t h
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s u f f i c i e n t l y  h i g h  m o l e c u l a r  w e i g h t  o r  s a t i s f a c t o r y  c h e m i c a l
s t a b i l i t y  f o r  most  a p p l i c a t i o n s  i n v o l v i n g  f l o c c u l a t i o n  or
v i s c o s i t y  e n h a n c e m e n t .  However ,  t h e  e x c e l l e n t  m e c h a n i c a l
p r o p e r t i e s  e x h i b i t e d  by many a r o m a t i c  c o n d e n s a t i o n  p o l yme rs
s u g g e s t  t h a t  s p e c i a l i t y  a p p l i c a t i o n s ,  i n  p a r t i c u l a r ,
p e r m s e l e c t i v e  membranes ,  c o u l d  be s e r v e d  by s u i t a b l y
m o d i f i e d  r e s i n s .
My r e s e a r c h  was d i v i d e d  i n t o  two s e c t i o n s .  The f i r s t
s e c t i o n  d e a l s  w i t h  m o d i f i c a t i o n  o f  p o l y ( a r y l e t h e r  s u l f o n e s )
i n c l u d i n g  n i t r a t i o n ,  a l k y l a t i o n ,  c h l o r o m e t h y l a t i o n  and
s u b s e q u e n t  a m i n a t i o n .  The s ec on d  s e c t i o n  d e a l s  w i t h
m o d i f i c a t i o n  o f  p o l y ( a r y l e t h e r  n i t r i l e )  i n c l u d i n g  r e d u c t i o n ,
q u a t e r n i z a t i o n  and s y n t h e s i s  o f  g r a f t  c o p o l y m e r s  by means o f
f r e e  r a d i c a l  c o p o l y m e r i z a t i o n  w i t h  an u n s a t u r a t e d  monomer.
The e t h e r  f u n c t i o n  i s  an e x c e l l e n t  c a n d i d a t e  f o r  t h e
46i n c l u s i o n  i n  t h e  ba ckbone  o f  h i g h - t e m p e r a t u r e  p o l y m e rs
The e t h e r  bond h a s  n o t  o n l y  a h i g h  e n e r g y  b u t  a l s o  a
c h e m i c a l  i n e r t n e s s  unknown f o r  many h e t e r o a t o m i c  s y s t e m s .
I t  i s  u n r e a c t i v e  e x c e p t  t o w ar d  o n l y  a few r e a g e n t s  : a
47h y d r o i o d i c  a c i d - a c e t i c  a c i d  m i x t u r e ,  and more r e c e n t l y
48d i s c o v e r e d  b u t y l  l i t h i u m  . F u r t h e r m o r e ,  t h e  e t h e r  l i n k  has  
t h e  a b i l i t y  t o  i n d u c e  f l e x i b i l i t y  i n t o  t h e  backbone  by 
v i r t u e  o f  i t s  r o t a t i o n a l  f r e e d o m .  An a r y l e t h e r  m o i e t y  can 
be i n t r o d u c e d  where  f l e x i b i l i t y  i s  d e s i r e d  w i t h o u t  
s a c r i f i c i n g  t h e r m a l  o r  c h e m i c a l  s t a b i l i t y .
The s u l f o n e  f u n c t i o n  i s  a n o t h e r  t y p e  o f  backbone  
i n c l u s i o n  which  can  m a i n t a i n  s t a b i l i t y  o f  a backbone  w h i l e
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c o n t r i b u t i n g  f l e x i b i l i t y 4 6 The a r y l  s u l f o n e  g ro u p  i s  used
a s  l i n k a g e  i n  an o t h e r w i s e  s t i f f  p o l yme r  b a c k b o n e .  Thus ,  
p o l y [ o x y - l , 4 - p h e n y l e n e ( l - m e t h y l e t h y l i d e n e ) - l , 4 - p h e n y l e n e o x y -
1 , 4 - p h e n y l e n e s u l f o n y 1 - 1 , 4 - p h e n y l e n e ] ( p o l y s u l f o n e )  was 
c h o s e n  b e c a u s e  o f  i t s  e x c e l l e n t  h y d r o l y t i c  and t h e r m a l  
s t a b i l i t y  o v e r  a wide  t e m p e r a t u r e  r a n g e .  T h i s  
p o l y ( a r y l e t h e r  s u l f o n e )  i s  composed o f  p h e n y l e n e  u n i t s  
l i n k e d  by s u l f o n e  and i s o p r o p y l i d e n e  g r o u p s  i n  a d d i t i o n  t o  
t h e  e t h e r  g r o u p .  The r e p e a t i n g  u n i t  i s  shown be low:
However, many ap p l i c a t i o n s  require c he mic al  m o d i f i c a t i o n  of 
the ox y p h e n y l e n e  repeat units and the effect of the 
m o d i f i c a t i o n  on the chemic al s t ab ili ty  is unknown.
Our r e s e a r c h  i n  p o l y ( a r y l e t h e r  s u l f o n e )  c h e m i s t r y  i s  
d i v i d e d  i n t o  two p a r t s .  The p u r p o s e  o f  t h e  f i r s t  p a r t  i s  t o  
s t u d y  t h e  d e g r a d a t i o n  o f  s e v e r a l  s u b s t i t u t e d  p o l y s u l f o n e s  by 
n u c l e o p h i l e s  s u ch  a s  m e t h o x i d e .  I t  i s  o f  i n t e r e s t  b e c a u s e  
n u c l e o p h i l i c  m o d i f i c a t i o n  t e c h n i q u e s  a r e  u s ed  t o  p r o d u c e  
r e a c t i v e  membranes .  F u r t h e r ,  s e v e r a l  a p p l i c a t i o n s  o f  t h e  
m o d i f i e d  p o l y s u l f o n e  membranes  o c c u r  i n  t h e  p r e s e n c e  o f  h i g h  
c o n c e n t r a t i o n s  o f  s a l t s .  I f  s i g n i f i c a n t  d e g r a d a t i o n  o f  t h e  
p o l y m e r s  o c c u r s ,  t h e  m e c h a n i c a l  p r o p e r t i e s  w i l l  be l o s t  and 
t h e  membrane w i l l  c o l l a p s e .
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The p u r p o s e  o f  t h e  s ec on d  p a r t  i s  t o  s t u d y  t h e  
e s t e r o l y t i c  a c t i v i t y  o f  -CI^Cl-DABCO p o l y s u l f o n e  t o wa rd  j j -  
n i t r o p h e n y l  a c e t a t e  by m e a s u r i n g  s p e c t r o p h o t o m e t r i c a l l y  t h e  
a p p e a r a n c e  o f  j 3 - n i t r o p h e n o l . T h i s  po lymer  was o b t a i n e d  by 
c h l o r o m e t h y l a t i o n  of  p o l y s u l f o n e  and s u b s e q u e n t  p a r t i a l  
a m i n a t i o n  by u s i n g  1 , 4 - d i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e  (DABCO).
P o l y ( a r y l e t h e r  s u l f o n e s )  and t h e i r  s u l f o n a t e d  a n a l o g s
e x h i b i t  m e c h a n i c a l  p r o p e r t i e s  and p e r m s e l e c t i v i t i e s  s u i t a b l e
4 9
f o r  many membrane a p p l i c a t i o n s  . Q u a t e r n a r y  s a l t s  o f  
p o l y ( a m i n o m e t h y l  s u l f o n e s )  have  been  p r e p a r e d  v i a  
c h l o r o m e t h y l a t i o n  and s u b s e q u e n t  a m i n a t i o n  o f  p o l y ( a r y l e t h e r  
s u l f o n e s ) ^ .  The p u r p o s e  o f  t h e  t h i r d  s e c t i o n  o f  my 
r e s e a r c h  i s  t o  i n v e s t i g a t e  a l t e r n a t e  t e c h n i q u e s  t o  s y n t h e s e s  
o f  a m i n o m e t h y l a t e d  c o n d e n s a t i o n  p o l y m e r s .  R e c e n t l y ,  t h e  
p r e p a r a t i o n  o f  p o l y [ o x y - 1 , 4 - p h e n y l e n e - ( 1 - m e t h y l e t h y l i d e n e ) -
l , 4 - p h e n y l e n e o x y - ( 2 - c y a n o ) - l , 3 - p h e n y l e n e ]  ( p o l y ( a r y l e t h e r  
n i t r i l e ) )  was r e p o r t e d " ^ .  T h i s  po lymer  was s u i t a b l e  f o r  
t h i s  p u r p o s e  b e c a u s e  d i r e c t  r e d u c t i o n  o f  t h e  n i t r i l e  
s u b s t i t u e n t s  would a f f o r d  t h e  d e s i r e d  a m i n o m e t h y l a t e d  
p o l y e t h e r .  G r a f t  c o p o l y m e r i z a t i o n  may a l s o  be c o n s i d e r e d  as  
a s p e c i a l  way of  f u n c t i o n a l i z i n g  p r e - e x i s t i n g  p o l y m e r s .  An 
u n s a t u r a t e d  e s t e r  f u n c t i o n a l i t y  was o b t a i n e d  by r e a c t i n g  t h e  
a m i n o m e t h y l a t e d  p o l y e t h e r  w i t h  i s o c y a n a t o e t h y l  m e t h a c r y l a t e  
( IEM).  The g r a f t  c o p o l y m e r i z a t i o n  o f  t h e  r e s i d u a l  
u n s a t u r a t e d  e s t e r  g r o u p s  on t h e  p o l y e t h e r  b a ckbone  w i t h  an 
u n s a t u r a t e d  monomer was e f f e c t e d  by means o f  p h a s e  t r a n s f e r  
p romot ed  f r e e  r a d i c a l  r e a c t i o n s .
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2 .1  I n t r o d u c t i o n
P o l y ( a r y l e t h e r s ) form a f a m i l y  o f  t h e r m o p l a s t i c
p o l y m e r s  t h a t  have  g a i n e d  c omme rc i a l  r e c o g n i t i o n  o v e r  t h e
52p a s t  two d e c a d e s  . The p o l y ( a r y l e t h e r  s u l f o n e s )  a r e  
m a r k e t e d  by a number o f  compan i es  a s  h i g h  t e m p e r a t u r e ,  
i n j e c t i o n  m o l d a b l e  t h e r m o p l a s t i c s .  The s y n t h e s i s  and
p h y s i c a l  p r o p e r t i e s  o f  t h e s e  m a t e r i a l s  had been d e s c r i b e d
. , 53-56e x t e n s i v e l y
P o l y ( a r y l e t h e r  s u l f o n e s )  were  d i s c o v e r e d  i n d e p e n d e n t l y
i n  t h e  l a b o r a t o r i e s  o f  3M C o r p o r a t i o n ^ ^  and of  Union C a r b i d e  
58C o r p o r a t i o n  i n  t h e  USA and i n  t h e  P l a s t i c s  D i v i s i o n  of  
59ICI  i n  t h e  UK. A c o m p a r i s o n  o f  s t r u c t u r e s  and t h e r m a l
60p r o p e r t i e s  i s  g i v e n  i n  T a b l e  2-1  . From t h e s e  d a t a  i t  i s
a p p a r e n t  t h a t  t h e  i n t r o d u c t i o n  o f  i n t e r - r i n g  l i n k a g e s  o t h e r
t h a n  -SO 2 -  i s  n e c e s s a r y  t o  o b t a i n  t h e r m o p l a s t i c i t y .  I t
a p p e a r s  t h a t  a po lymer  c h a i n  c o n s i s t i n g  o n l y  o f  p h e n y l e n e
r i n g s  l i n k e d  v i a  s u l f o n e  g r o u p ,  i . e . ,  p o l y ( p h e n y l e n e s u l f o n e )
i s  t o o  r i g i d  t o  show t h e r m o p l a s t i c i t y ,  a l t h o u g h  t h e
e l e c t r o n - w i t h d r a w i n g  s u l f o n e  g r oup  h a s  an e x c e l l e n t
s t a b i l i z i n g  i n f l u e n c e  upon o x i d a t i v e  d e g r a d a t i o n .  Chain
f l e x i b i l i t y  i s  a c h i e v e d  by i n t r o d u c t i o n  o f  a r y l  e t h e r
l i n k a g e s ,  and a s  t h e  p r o p o r t i o n  o f  t h e s e  l i n k a g e s  i s
i n c r e a s e d ,  t h e r e  i s  a p r o g r e s s i v e  r e d u c t i o n  i n  T and a
8
c o r r e s p o n d i n g  i n c r e a s e  i n  t h e r m o p l a s t i c i t y .  More r e c e n t l y ,
61L a n c a s t e r  e t  a l .  have  i n d i c a t e d  t h a t  a mixed a r o m a t i c  
s u l f o n e - e t h e r  l i n k e d  po lymer  i s  more r e s i s t a n t  t o  t h e r m a l
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Table  2 - 1 .  Comparison o f  S t r u c t u r e s  and Thermal  P r o p e r t i e s  
o f  P o l y ( a r y l e t h e r  s u l f o n e s ) ^ .
St ruc t ure Name Company Tg(°C)
{ - © • s ° r K ,
3M m.p> 500°C 
with decomp.
0 ^ S° 2 - } "  311(1 m
- ^ Q h ° - 0 - s o ^ n
m>  n
Astrel
360
3M 285 C
SO^  I find 7^0P ICI 250 °c
- t O - ° - 0 -s°2+ n
m < n
200P ICI 230 c
- [ 0 + O - o - O > - s o 2- O - o - ] -m u a e l Union 190°CCarbide
Low er l i m i t  o f  m o le c u la r  w e ig h t  r e q u ir e d  t o  o b t a in  u s e a b le  
m e c h a n ic a l p r o p e r t i e s  i s  2 0 ,0 0 0 .
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d e g r a d a t i o n  t h a n  an a r o m a t i c  s u l f o n e  po l ymer  b u t  n o t  a s  
s t a b l e  a s  a s i m p l e  a r o m a t i c  p o l y e t h e r .
The two p o s s i b i l i t i e s  f o r  s y n t h e s i z i n g  p o l y ( a r y l e t h e r  
s u l f o n e s )  a r e  e i t h e r  by a n u c l e o p h i l i c  SjjAr e t h e r  s y n t h e s i s  
( t y p e  1) o r  by an e l e c t r o p h i l i c  ( F r i e d e l - C r a f t s )  s u l f o n e  
c o u p l i n g  ( t y p e  2)  :
Type 1 : P o l y e t h e r i f i c a t i o n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
+
M = Na or  K X = F o r  Cl
DMSO, 25 - 165° C
3 - 1 0  h
( e q  . 2 - 1 )
+ 2n  MX
Type 2 : P o l y s u l f o n y l a t i o n
+
F e C l , ,  120 - 230°C
4 - 2 0  h
( e q .  2 - 2 )
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The b a s i c  c h e m i s t r y  o f  t h e s e  r e a c t i o n s  i s  w e l l  
u n d e r s t o o d  f rom m e c h a n i s t i c  s t u d i e s  w i t h  n o n - p o l y m e r i c  
s y s t e m s .  Wi th t h i s  k n o w l ed g e ,  t h e  g e n e r a l  s t r u c t u r a l  s cope  
o f  t h e s e  r e a c t i o n s  can  be d e f i n e d  and t h e  d e t a i l e d  e f f e c t s  
of  monomer s t r u c t u r e  can  be c o r r e l a t e d  w i t h  t h e  e a s e  w i t h  
which  h i g h  p o l y me r s  can be o b t a i n e d .
The p o l y ( a r y l e t h e r  s u l f o n e s )  s y n t h e s i s  a c c o r d i n g  t o
e q u a t i o n  ( 2 - 1 )  was d e s c r i b e d  f i r s t  by J o h n s o n  and Farnham of
6 2Union C a r b i d e  C o r p o r a t i o n  . I n  t h i s  p r o c e s s ,  e t h e r  bonds  
a r e  formed v i a  d i s p l a c e m e n t  o f  h a l o g e n  by p h e n o x i d e  a n i o n s  
w i t h  r e mo v a l  o f  t h e  h a l o g e n  a s  a l k a l i  m e t a l  h a l i d e .  The 
s u l f o n e  g r o up  i s  an e s s e n t i a l  c o n s t i t u e n t  o f  t h e  d i h a l i d e ;  
i t  p l a y s  a v i t a l  p a r t  i n  t h e  r e a c t i o n  by a c t i v a t i n g  t h e  
h a l o g e n s  t o  a t t a c k  by t h e  p h e n o x i d e s .  A r o m a t i c  h a l i d e s  
which  do n o t  c o n t a i n  p o w e r f u l  e l e c t r o n - w i t h d r a w i n g  g r o u p s  
such  a s  s u l f o n e  a r e  u n r e a c t i v e  and i n  t h e  a b s e n c e  o f  such  
g r o u p s  t h e  r e a c t i o n  i s  n o t  s u i t a b l e  f o r  t h e  s y n t h e s i s  o f  
h i g h  p o l y m e r s .  I t  i s  a c c e p t e d  t h a t  r e a c t i o n s  o f  t h i s  t y p e  
p r o c e e d  v i a  an i n t e r m e d i a t e  complex and t h a t  t h e  s u l f o n e  
gr oup  a c t s  t o  s t a b i l i z e  t h e  complex  by a c c e p t i n g  n e g a t i v e  
c h a r g e  f rom t h e  r i n g  a s  shown i n  e q u a t i o n  2 - 3 .
E l e c t r o n  w i t h d r a w a l  by s u l f o n e  i s  h i g h l y  e f f e c t i v e  
when t h e  h a l o g e n  i s  p o s i t i o n e d  o r t h o  or  p a r a  t o  s u l f o n e ,  b u t  
n o t  when i n  t h e  m e t a - o r i e n t a t i o n  and a t t a c k  on o r t h o - h a l o g e n  
i s  l i k e l y  t o  be s u b j e c t  t o  s t e r i c  h i n d r a n c e .  I n  p r a c t i c e ,  
t h e  m - d i h a l i d e s  a r e  u s e l e s s  f o r  po lymer  s y n t h e s i s ,  and i t  i s  
d i f f i c u l t  t o  o b t a i n  p o l y m e r s  o f  h i g h  m o l e c u l a r  w e i g h t  u s i n g
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£ - d i c h l o r i d e s , b u t  h i g h  p o l y m e r s  a r e  r e a d i l y  o b t a i n e d  u s i n g  
t h e  j j - d i c h l o r i d e s .
The s e c o nd  i m p o r t a n t  r o u t e  t o  p o l y ( a r y l e t h e r  s u l f o n e s )  
i s  a t y p i c a l  e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  i n  which  
t h e  a r o m a t i c  s u b s t r a t e  i s  a t t a c k e d  by some form o f  t h e  a r y l  
s u l f o n i u m  c a t i o n  and h y d r o g e n  d i s p l a c e d  o f  t h e  s u l f o n y l  
c h l o r i d e  w i t h  a F r i e d e l - C r a f t s  c a t a l y s t ,  e . g . ,  F e C l ^ .  T h i s  
p r o c e s s  p r o c e e d s  t h r o u g h  a t r a n s i t i o n  s t a t e  o f  t h e  t y p e  i n  
which  t h e  e l e c t r o n  d e f i c i e n t  r e a g e n t  becomes  bonded t o  t h e  
r i n g :
— ° " " O ” s 0 2“ O —  + h+ ( e q * 2 - A)
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I t  i s  i m p o r t a n t  t h a t  t h e  a b i l i t y  o f  t h e  r i n g  t o  
p r o v i d e  an e l e c t r o n  p a i r  f o r  bond f o r m a t i o n  i s  n o t  r e d u c ed  
by e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t s .  Thus ,  t h e  a r o m a t i c  
s u b s t r a t e  can  be d i p h e n y l ,  d i p h e n y l  e t h e r ,  e t c . ,  b u t  n o t  
b en zo p he no n e  or  d i p h e n y l s u l f o n e . F u r t h e r  t h e  s u b s t r a t e  
c a n n o t  be a s i n g l e  b e nz e n e  r i n g  a s  t h i s  would become 
d e a c t i v a t e d  by a t t a c h m e n t  o f  one s u l f o n e  g r oup  i n  t h e  f i r s t  
p o l y c o n d e n s a t i o n  s t e p  and f u r t h e r  c h a i n  g r owt h  would t h e n  be 
p r e v e n t e d .
P o l y [ o x y - l , 4 - p h e n y l e n e s u l f o n y l - l , 4 - p h e n y l e n e o x y - l , 4 -
p h e n y l e n e - ( l - m e t h y l e t h y l i d e n e ) - l , 4 - p h e n y l e n e ]  (commonly
known a s  p o l y s u l f o n e ,  1 , which  i s  composed o f  p h e n y l e n e
u n i t s  l i n k e d  by s u l f o n e  and i s o p r o p y l i d e n e  g r o u p s  i n
a d d i t i o n  t o  t h e  e t h e r  g r o u p )  i s  o f  c o m m e r c i a l  i m p o r t a n c e
b e c a u s e  o f  i t s  e x c e l l e n t  o x i d a t i v e ,  t h e r m a l ,  and h y d r o l y t i c
s t a b i l i t y  and v e r y  good m e c h a n i c a l  p r o p e r t i e s .  P o l y s u l f o n e
can  be p r e p a r e d  f rom t h e  d i s o d i u m  s a l t  o f  2 , 2 ' - b i s ( 4 -
h y d r o x y p h e n y l ) p r o p a n e  ( b i s p h e n o l - A ) , 2 , and 4 , 4 ' -
d i c h l o r o d i p h e n y l s u l f o n e , 3 , i n  an  a n h y d r o u s  d i p o l a r  a p r o t i c
s o l v e n t ,  f o r  exampl e  d i m e t h y l s u l f o x i d e  (DMSO), a s  shown i n  
6 2e q u a t i o n  2 -5
Polymer  d e g r a d a t i o n  h a s  been  t h e  s u b j e c t  o f  s e v e r a l
63 64s t u d i e s  i n  t h e  l a s t  two d e c a d e s  ' . Po lymer  d e g r a d a t i o n  
i s  u s ed  t o  d e n o t e  c h e m i c a l  c h a n g e s  i n  p o l y m e r s  r e s u l t i n g  i n  
d e t e r i o r a t i o n  of  t h e i r  p h y s i c a l  p r o p e r t i e s .  The v a r i o u s  
t y p e s  o f  d e g r a d a t i o n  can  be i n d u c e d  by t h e r m a l ,  m e c h a n i c a l ,  
p h o t o c h e m i c a l ,  r a d i a t i o n  c h e m i c a l ,  b i o l o g i c a l  and c h e m i c a l
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NaO
- O - h 0 >—
ONa + Cl - O ~ S02 - Q - Cl
-  2n  NaCl
( ' eq.- 2 - 5 )
s 0 2 “O ~ ° n
p r o c e s s e s .  However ,  d a t a  on t h e  d e g r a d a t i o n  b e h a v i o r  o f
p o l y s u l f o n e  a r e  l i m i t e d  and o n l y  t h e  t h e r m a l  d e c o m p o s i t i o n
52 65of  p o l y s u l f o n e  has  been  p r e v i o u s l y  s t u d i e d  ’ . These
s t u d i e s  s u p p o r t  t h e  g e n e r a l  o b s e r v a t i o n  t h a t  a r o m a t i c  e t h e r s  
u s u a l l y  e x h i b i t  good t h e r m a l  s t a b i l i t y .  S t u d i e s  on t h e  
p h o t o d e g r a d a t i o n  r e a c t i o n  c a u s e d  by i r r a d i a t i o n  o f  
p o l y s u l f o n e  w i t h  u l t r a v i o l e t  l i g h t  a t  w a v e l e n g t h s  r a n g i n g  
from 254 nm t o  335 nm have  been  r e p o r t e d  a s  w e l l ^ .
Ch e mi ca l  d e g r a d a t i o n  r e f e r s  e x c l u s i v e l y  t o  p r o c e s s e s  
which  o c c u r  upon a d d i t i o n  o f  c h e m i c a l s  ( e . g . ,  a c i d s ,  b a s e s ,  
s o l v e n t s ,  r e a c t i v e  g a s e s ,  e t c . )  t o  t h e  p o l y m e r s  l e a d i n g  t o  
m a i n - c h a i n  s c i s s i o n  a n d / o r  d e t e r i o r a t i o n  o f  p h y s i c a l  
p r o p e r t i e s .  C e r t a i n  c h e m i c a l  r e a c t i o n s  ( e . g . ,  s o l v o l y s i s  
such  a s  h y d r o l y s i s ,  and i o n i c  d e g r a d a t i o n )  have  r e c e i v e d  t h e  
mos t  a t t e n t i o n  s i n c e  t h e  s t a b i l i t y  o f  p o l y m e r s  a g a i n s t  
s o l v e n t s  d e f i n e s  t h e i r  p o t e n t i a l  a p p l i c a t i o n s .  F r e q u e n t l y ,
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s o l i d  p o l y m e r i c  p a r t i c l e s  c h a n g e  o r  l o s e  s h a p e  o r  
d e t e r i o r a t e  on i m m e r s i on  i n t o  l i q u i d  c h e m i c a l s .  T h i s  
phenomenon m i g h t  be c a u s e d  by c h e m i c a l  r e a c t i o n s ,  o r  i t  
m i g h t  be t h e  r e s u l t  o f  a p h y s i c a l  p r o c e s s  due t o  a s t r o n g  
i n t e r a c t i o n  be t we e n  t h e  po l ymer  and t h e  l i q u i d .  G e n e r a l l y ,  
s o l v o l y s i s  r e a c t i o n s  i n v o l v e  p o l y m e r s  c o n t a i n i n g  h e t e r o  
a t oms  on t h e  m a i n - c h a i n  b e c a u s e  s o l v o l y s i s  i m p l i e s  m a i n -  
c h a i n  r u p t u r e  by b r e a k i n g  t h e  C-X b o n d s ,  where  X - d e s i g n a t e s  
h e t e r o  ( n o n - c a r b o n )  a t oms  a s  i n d i c a t e d  by e q u a t i o n  2 - 6 .
Common s o l v o l y s i s  a g e n t s  (YZ) a r e  w a t e r ,  a l c o h o l s ,  
ammonia,  and h y d r a z i n e .
M o i s t u r e  a n d ,  p r e s u m a b l y ,  o t h e r  c o m p e t i n g  n u c l e o p h i l e s
s u c h  a s  a l c o h o l s ,  e ven  i f  p r e s e n t  i n  r e l a t i v e l y  s m a l l
q u a n t i t i e s ,  p romot e  a d e v a s t a t i n g  s i d e  r e a c t i o n  which
p r e c l u d e s  t h e  f o r m a t i o n  o f  h i g h  m o l e c u l a r  w e i g h t
6 2p o l y s u l f o n e .  The d a t a  i n  F i g u r e  2 -1  c l e a r l y  i l l u s t r a t e  
t h a t  a s  t h e  amount  o f  w a t e r  i n  a t y p i c a l  p o l y s u l f o n e  
r e a c t i o n  r u n  i n  DMSO i s  d e c r e a s e d ,  t h e  m o l e c u l a r  w e i g h t  
i n c r e a s e d ,  b u t  t h e  e f f e c t  i s  mos t  p r o n o u n c e d  a t  r a t h e r  low
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A ssum ed t o  be d ry  
h i g h e s t  r e d u c e d  s p e c i f i c  
v i s c o s i t y  y e t  o b ta in e d  i n  CHCL^
ex,
INITIAL MOLE RATIO OF H„0 TO 
DISODIUM BISPHENOL-A *
F i g u r e  2-1  P r e p a r a t i o n  o f  P o l y s u l f o n e  i n  Aqueous  DMSO
w a t e r  c o n c e n t r a t i o n s .  I t  i s  b e l i e v e d  t h a t  c h a i n  c l e a v a g e  
may o c c u r  t o  some e x t e n t  by a t t a c k  o f  t h e  c a u s t i c  a t  t h e  
a c t i v a t e d  e t h e r  l i n k a g e s  b e i n g  fo rmed  v i a  t h e  
p o l y m e r i z a t i o n .
I o n i c  r e a c t i o n s  a l s o  p l a y  a s i g n i f i c a n t  r o l e  i n  
c h e m i c a l  d e g r a d a t i o n .  Rem ar k a b l e  p r o g r e s s  h a s  been  made 
r e c e n t l y  c o n c e r n i n g  b o t h  e v i d e n c e  f o r  and e l u c i d a t i o n  o f  
i o n i c  p r o c e s s e s .  Exampl e s  a r e  a l k a l i ,  a c i d i c ,  o r  c a t i o n i c  
d e g r a d a t i o n  o f  p o l y m e r s  c o n t a i n i n g  h y d r o l y z a b l e  l i n k a g e s  
t h a t  a r e  p r o n e  t o  a t t a c k  by a c i d s  and b a s e s .  However ,  many 
a p p l i c a t i o n s  o f  p o l y s u l f o n e  r e q u i r e  c h e m i c a l  m o d i f i c a t i o n  of  
t h e  o x y p h e n y l e n e  r e p e a t  u n i t s  and t h e  e f f e c t s  o f  t h e  
m o d i f i c a t i o n  on t h e  c h e m i c a l  s t a b i l i t y  i s  unknown.  Thus ,
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s t u d i e s  o f  t h e  c h e m i c a l  d e g r a d a t i o n  of  p o l y s u l f o n e  w i t h  
n u c l e o p h i l e s  a r e  o f  p a r t i c u l a r  i m p o r t a n c e  b e c a u s e  
n u c l e o p h i l i c  m o d i f i c a t i o n  t e c h n i q u e s  a r e  u s e d .  F u r t h e r ,  
s e v e r a l  a p p l i c a t i o n s  o f  t h e  m o d i f i e d  p o l y s u l f o n e  membranes  
o c c u r  i n  t h e  p r e s e n c e  o f  h i g h  c o n c e n t r a t i o n  o f  s a l t s .  I f  
s i g n i f i c a n t  d e c o m p o s i t i o n  of  t h e  po lymer  o c c u r s ,  t h e  
m e c h a n i c a l  p r o p e r t i e s  w i l l  be l o s t  and t h e  membranes  w i l l  
c o l l a p s e .  I t  i s  o f  i n t e r e s t ,  t h e r e f o r e ,  t o  s t u d y  t h e  
c h e m i c a l  d e g r a d a t i o n  b e h a v i o r  o f  p o l y s u l f o n e  by 
n u c l e o p h i l e s .  The c h e m i c a l  d e g r a d a t i o n  of  p o l y s u l f o n e  and 
s e v e r a l  s u b s t i t u t e d  p o l y s u l f o n e s  by n u c l e o p h i l e s  s uch  a s  
m e t h o x i d e  a t  room t e m p e r a t u r e  w i l l  be r e p o r t e d  i n  t h i s  
c h a p t e r .
2 . 2  S y n t h e s i s  o f  S u b s t i t u t e d  P o l y s u l f o n e s  and Model 
Compounds
2 . 2 . 1  S y n t h e s i s  o f  N i t r a t e d  P o l y s u l f o n e
a .  By Ar oma t i c  N u c l e o p h i l i c  C o n d e n s a t i o n  
P o l y m e r i z a t i o n
P o l y ( a r y l e t h e r  s u l f o n e s )  w i t h  h i g h  m o l e c u l a r  w e i g h t
have  g e n e r a l l y  been  p r e p a r e d  by t h e  a r o m a t i c  n u c l e o p h i l i c
c o n d e n s a t i o n  p o l y m e r i z a t i o n  o f  a c t i v a t e d  a r o m a t i c  d i h a l i d e s
w i t h  b i s p h e n o x i d e s  i n  p o l a r  a p r o t i c  s o l v e n t s  a t  e l e v a t e d
t e m p e r a t u r e .  Thus ,  t h e  t y p i c a l  c o n d e n s a t i o n  p o l y m e r i z a t i o n
v i a  t h e  a q u e o u s  caus t i c /DMSO r o u t e  r e p o r t e d  by J o h n s o n  e t  
6 2a l .  was u s ed  t o  p r e p a r e  t h e  n i t r a t e d  p o l y s u l f o n e s ,  4 , 
f rom t h e  d i s o d i u m  s a l t  o f  2 , 2 ' - b i s ( 4 - h y d r o x y - 3 - n i t r o -  
p h e n y l ) p r o p a n e ,  5 , w i t h  4 , 4 ’ - ( d i c h l o r o d i p h e n y l s u l f o n e ) ,  3 ,
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a s  i l l u s t r a t e d  i n  Scheme 2 - 1 .  The 2 , 2 1- b i s ( A - h y d r o x y - 3 -
n i t r o p h e n y l )  p r o p a n e ,  5 , was p r e p a r e d ,  a c c o r d i n g  t o  t h e
6 7method o f  S t r o n g a n o v  and c o w o r k e r s  , i n  55% y i e l d  by t h e  
n i t r a t i o n  o f  b i s p h e n o l - A ,  2 , m. p .  136 °C [ l i t .  m.p .
136 ° C ] .  High m o l e c u l a r  w e i g h t  n i t r a t e d  p o l y s u l f o n e ,  4 , 
c o u l d  n o t  be o b t a i n e d  f rom t h i s  p r o c e s s  b e c a u s e  t h e  p r o d u c t  
c a n n o t  be i s o l a t e d  f rom t h e  r e a c t i o n  m i x t u r e .  T h i s  may be 
due p a r t l y  t o  t h e  d e g r a d a t i o n  o f  po ly me r  b a ckbone  by 
h y d r o l y t i c  s i d e  r e a c t i o n s  and p a r t l y  t o  t h e  r e d u c e d  
n u c l e o p h i l i c i t y  o f  t h e  p h e n o l a t e  s a l t  which  i s  g o v e r n e d  by 
t h e  e l e c t r o n - w i t h d r a w i n g  n i t r o  g r o u p s .  Only low m o l e c u l a r  
w e i g h t  n i t r a t e d  p o l y s u l f o n e  was p r o d u c e d .
A l t e r n a t i v e  s o l v e n t / r e a c t i o n  s y s t e m s  which  may be 
s u p e r i o r  t o  t h e  above  p r o c e d u r e  were  e v a l u a t e d .  The 
p r e p a r a t i o n  o f  p o l y ( a r y l e t h e r  s u l f o n e s )  and r e l a t e d  
m a t e r i a l s  v i a  a p o t a s s i u m  c a r b o n a t e  /  N -m e th y l  p y r r o l i d o n e  
(NMP) p r o c e s s  was r e p o r t e d  r e c e n t l y  by McGrath  e t  a l . ^ * .
NMP i s  a h i g h l y  p o l a r  a p r o t i c  s o l v e n t  w i t h  a v e r y  h i g h  
b o i l i n g  p o i n t  (202 ° C ) .  T h e r e f o r e ,  i t  s h o u l d  be a s u i t a b l e  
a p r o t i c ,  d i p o l a r  s o l v e n t  f o r  t h e  s y n t h e s i s  o f  p o l y ( a r y l e t h e r  
s u l f o n e s )  v i a  n u c l e o p h i l i c  a r o m a t i c  c o n d e n s a t i o n  
p o l y m e r i z a t i o n .  V a r i o u s  h i g h  m o l e c u l a r  w e i g h t  
p o l y ( a r y l e t h e r  s u l f o n e s )  were  r e p o r t e d ,  b u t  h i g h  m o l e c u l a r  
w e i g h t  n i t r a t e d  p o l y s u l f o n e ,  4 , c o u l d  n o t  be p r o d u c e d  u s i n g  
t h i s  I^COg/NMP r o u t e .
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Scheme 2 - 1 .  S y n t h e s i s  o f  N i t r a t e d  P o l y s u l f o n e  v i a  
Aromatic  N u c l e o p h i l i c  S u b s t i t u t i o n  
Co nd en sa t i on  P o l y m e r i z a t i o n .
HO OH
'NONO
5
+  c i  - " C ^ ”  s ° 2 c i
DMSO, NaOH 
• to lu e n e , 1 6 0 ° C , U h r
OR
K2 C03 /  NMP 
t o l u e n e , 1 5 5 ° C , 4  h r
- [ ^ Q > “ S0 2 - O “
NOl N 0o
n
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b.  Ph a s e  -  T r a n s f e r  C a t a l y z e d  P o l y m e r i z a t i o n
R e c e n t l y ,  p h a s e  t r a n s f e r  c a t a l y z e d  r e a c t i o n s  have  been
w i d e l y  a p p l i e d  t o  o r g a n i c  s y n t h e s i s  i n  p l a c e  o f  p o l a r
a p r o t i c  s o l v e n t s .  I n c r e a s i n g  i n t e r e s t  i s  a l s o  b e i n g  shown
i n  po l ymer  s y n t h e s i s  u s i n g  p h a s e - t r a n s f e r  c a t a l y s t s .
N i t r a t e d  p o l y s u l f o n e ,  6 , was p r e p a r e d  u s i n g  a p r o c e d u r e
68r e p o r t e d  by Imai  and c o w o r k e r s  f rom b i s ( A - c h l o r o - 3 -  
n i t r o p h e n y l ) s u l f o n e , 7 , and 2 , 2  1 - b i s ( 4 - h y d r o x y p h e n y l ) 
p r o p a n e ,  2 , i n  t h e  p r e s e n c e  o f  d i c y c l o h e x y l - 1 8 - c r o w n - 6  (DC- 
1 8 - C -6 )  a s  shown i n  e q u a t i o n  2 - 7 .
3
hno3 , h2s o4
+
2 7
CH2 C I 2 /  a q .  a l k a l i  
D C -1 8 -C -6
NO2 NO2
6 ( e q .  2 - 7 )
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B i s ( 4 - c h l o r o - 3 - n i t r o p h e n y 1 ) s u l f o n e , 7 , was p r e p a r e d ,
69a c c o r d i n g  t o  t h e  method o f  Ul lmann and K o r s e l t  , i n  90% 
y i e l d  by n i t r a t i o n  of  4 , 4 ' - ( d i c h l o r o d i p h e n y l s u l f o n e ) , 3 , 
m.p.  195-197  °C [ l i t .  m.p .  196-198  ° C ] .  The r e s u l t s  o f  t h e  
p h a s e - t r a n s f e r  c a t a l y z e d  p o l y c o n d e n s a t i o n  a r e  shown i n  T a b l e  
2 - 2 .  I n h e r e n t  v i s c o s i t y  o f  t h e  n i t r a t e d  p o l y s u l f o n e ,  6 , 
o b t a i n e d  f rom t h i s  p r o c e s s  was be twee n  0 . 0 7 - 0 . 2 0  d l / g  as  
shown i n  T a b l e  2 - 2 ;  t h i s  was t o o  low f o r  any f u r t h e r  
s t u d i e s .
T a b l e  2 - 2  P h a s e - T r a n s f e r  C a t a l y z e d  P o l y c o n d e n s a t i o n  i n  
D i c h l o r o m e t h a n e  Aqueous  P o t a s s i u m  H y d r o x i d e  
w i t h  DC-18-C-6 a t  25 °C
D i h a l i d e
(mmole)
D i p h e no l  
( mmole)
DC-18-C-6
(mmole)
Time
( h r )
I n h e r e n t  # 
V i s c o s i t y  
( d l / g )
5 . 0 5 . 0 0 . 1 0 24 0 . 0 6 9
4 . 9 5 .1 0 . 1 1 24 0 . 0 6 6
1 5 . 0 1 5 . 0 0 . 3 0 24 0 . 2 0 0
2 5 . 0 2 5 . 0 0 . 5 0 24 0 . 1 3 0
* Measured  a t  c o n c e n t r a t i o n  o f  0 . 5  g / d l  i n  DMF a t  3 0 . 0 0  
± 0 . 0 5  °C
c .  D i r e c t  N i t r a t i o n  o f  P o l y s u l f o n e  
The me thods  f o r  t h e  n i t r a t i o n  o f  s i m p l e  a r o m a t i c  
compounds have  g e n e r a l l y  s a t i s f a c t o r y .  In  t h e  c a s e  o f  
p o l y m e r s ,  i t  ha s  been  found  t h a t  t h e  u s u a l  n i t r a t i n g  a g e n t s  
t e n d e d  t o  decompose  t h e  p o l y m e r s  u n d e r  c o n v e n t i o n a l  
n i t r a t i n g  c o n d i t i o n s  due t o  c l e a v a g e  o f  s e n s i t i v e  b o n d s .
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M a i n l y ,  t h e  d e c o m p o s i t i o n  m a n i f e s t s  i t s e l f  when emp lo y i n g  
n i t r i c  a c i d .  U n e x p e c t e d l y ,  p o l y s u l f o n e  was r e a d i l y  n i t r a t e d  
by t r e a t m e n t  w i t h  a m i x t u r e  o f  t r i f l u o r o a c e t i c  a n h y d r i d e  
(TFAA) and ammonium n i t r a t e  (NH^NO^) ^  u n d e r  m i l d  c o n d i t i o n s  
a s  shown i n  Scheme 2 - 2 .  S i n c e  t h e  s t o i c h i o m e t r y  f o r  
i n t r o d u c i n g  n i t r o  g r o u p s  o n t o  t h e  a r o m a t i c  r i n g s  can  be 
e a s i l y  c o n t r o l l e d ,  i t  i s  p o s s i b l e  t o  i n t r o d u c e  
p r e f e r e n t i a l l y  two n i t r o  g r o u p s  i n t o  p o l y s u l f o n e  r e p e a t i n g  
u n i t s .  T h i s  was c o n f i r m e d  by t h e  e l e m e n t a l  a n a l y s i s .  The 
n i t r a t e d  p o l y s u l f o n e ,  4 , o b t a i n e d  had an i n t r i n s i c  
v i s c o s i t y  o f  0 . 3 8  d l / g  (DMSO s o l u t i o n  a t  3 0 . 0 0  ±. 0 . 0 5  ° C ) .
Scheme 2 - 2 .  S y n t h e s i s  o f  N i t r a t e d  P o l y s u l f o n e ,  4 .
- K > s° r < > -  0  - O K > ° - h
1
NH^NO^, TFAA 
CHC13 , 2 4  h r ,  t r
NO N02
- f O " S° 2 ‘0 ^  0  0 HHn
4
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2 . 2 . 2  S y n t h e s i s  o f  A l k y l a t e d  P o l y s u l f o n e
a .  D i r e c t  F r i e d e l - C r a f t s  A l k y l a t i o n  
E l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n s  have  been t h e  
mos t  w i d e l y  used  r e a c t i o n s  t o  modi fy  o r  t o  f u n c t i o n a l i z e  
p o l y m e r s  c o n t a i n i n g  a c t i v e  a r o m a t i c  r i n g s .  P o l y s t y r e n e  i s  
t h e  most  e x t e n s i v e l y  used  s u b s t r a t e  f o r  t h i s  c h e m i c a l  
m o d i f i c a t i o n .  C o n v e r s e l y ,  l i t t l e  a t t e n t i o n  h a s  been p a i d  to  
c o n d e n s a t i o n  p o l y me r s  s uch  a s  p o l y s u l f o n e  which  c o n t a i n  
a c t i v e  a r o m a t i c  r i n g s .
A l t h o u g h  d i r e c t  c h e m i c a l  m o d i f i c a t i o n  o f  p r e f o r m e d  
p o l y m e r s  i s  w i d e l y  p r a c t i c e d ,  t h e  p r o c e s s  i s  a cc omp a n i ed  by 
u n d e s i r a b l e  s i d e  r e a c t i o n s  s uch  a s  c r o s s l i n k i n g  a n d / o r  
d e g r a d a t i o n  o f  t h e  po l ymer  b a c k b o n e .  As i n  mos t  F r i e d e l -  
C r a f t s  a l k y l a t i o n s  o f  a r o m a t i c  compounds ,  c a t a l y s t s  a r e  
r e q u i r e d  f o r  a l k y l a t i o n  o f  p o l y m e r s .  The Lewis  a c i d s  
s t a n n i c  c h l o r i d e  ( S n C l ^ ) ,  a l umi n i um c h l o r i d e  ( A l C l ^ ) ,  and 
f e r r i c  c h l o r i d e  ( F e C l ^ )  a r e  t h e  mos t  f r e q u e n t l y  used  
c a t a l y s t s .  The p r e s e n c e  o f  t h e  h e t e r o - a t o m s  i n  t h e  
p o l y s u l f o n e  backbone  a l s o  i n c r e a s e s  t h e  c o m p l e x i t y  o f  
c a t a l y s t  s e l e c t i o n ,  and m o l a r  e x c e s s e s  o f  Lewis  a c i d s  a r e  
r e q u i r e d  t o  s a t u r a t e  t h e  Lewis  b a s e  s i t e s  a l o n g  t h e  
b a c k b o n e .
Among t h e  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s ,  
c h l o r o m e t h y l a t i o n  h a s  been  t h e  most  f r e q u e n t l y  u s ed  method 
t o  modi f y  p o l y m e r s .  C h l o r o m e t h y l a t i o n  o f  p o l y s u l f o n e  u s i n g  
SnCl^ a s  t h e  c a t a l y s t  h a s  been  r e p o r t e d " ^ .  On t h e  o t h e r  
h and ,  a l k y l a t i o n  of  p o l y s u l f o n e  u s i n g  a l umi n i um c h l o r i d e ,
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f e r r i c  c h l o r i d e  and s t a n n i c  c h l o r i d e  a s  t h e  c a t a l y s t s  was 
u n s u c c e s s f u l ,  a s  shown i n  T a b l e  2 - 3 ,  even  t h o u g h  p o l y s u l f o n e  
c o n t a i n s  o x y p h e n y l e n e  u n i t s  wh ich  a r e  a c t i v a t e d  f o r  t h e  
e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n ,  i n c l u d i n g  a l k y l a t i o n .
T a b l e  2 - 3  F r i e d e l - C r a f t s  A l k y l a t i o n  o f  P o l y s u l f o n e  (PSF) 
w i t h  t e r t - B u t y l  C h l o r i d e  ( t , -BuCl )  i n  
C h l o r o f o r m  a t  60 °C
PSF
( mol e)
_t-BuCl
( mol e )
Me ta l  C h l o r i d e  
( 5 . 0  mmole)
Time
( h r )
$
R e s u l t s
0 . 01 0 . 1 0 AlClo 24 No s u b ­
0 . 01 0 . 1 0 SnCl f 24 s t i t u t i o n
0 . 0 1 0 . 1 0 F e C l j 24 o c c u r r e d
* From t h e  NMR s p e c t r a
b.  D i r e c t  C o n d e n s a t i o n  P o l y m e r i z a t i o n  
To o b t a i n  t h e  d e s i r e d  a l k y l a t e d  p o l y s u l f o n e ,  an 
a p p r o p r i a t e  a l k y l a t e d  2 , 2 ' - b i s ( 4 - h y d r o x y p h e n y l ) p r o p a n e  
( b i s p h e n o l - A )  was n e e d e d .  The a t t e m p t  t o  a l k y l a t e  
b i s p h e n o l - A  d i r e c t l y  u s i n g  a l k y l  h a l i d e s  i n  t h e  p r e s e n c e  o f  
s e v e r a l  Lewis  a c i d  c a t a l y s t s  was u n s u c c e s s f u l  due t o  t h e  
c o m p l i c a t i o n s  i n  i s o l a t i n g  p u r e  a l k y l a t e d  b i s p h e n o l - A  f rom 
t h e  m i x t u r e .  D i r e c t  a l k y l a t i o n  o f  b i s p h e n o l - A  u s u a l l y  l e a d s  
t o  a m i x t u r e  o f  mono- t o  t e t r a a l k y 1 - d e r i v a t i v e s ; y i e l d s  o f  
t h e  l a t t e r ,  h owe ve r ,  a r e  g e n e r a l l y  low.  A n o t h e r  c o m p e t i t i v e  
r e a c t i o n  a ccompany i ng  t h e  a l k y l a t i o n  i s  c l e a v a g e  o f  t h e  
b i s p h e n o l i c  s k e l e t o n  by t h e  a c t i o n  o f  an a c i d  a l k y l a t i o n  
c a t a l y s t  t o  y i e l d  p h e n o l  and 4 - i s o p r o p e n y l p h e n o l ,
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f o l l o w e d  by c a t i o n i c  p o l y m e r i z a t i o n  o f  t h e  4 - i s o p r o p e n y 1-  
p h e n o l .  Only one s u c c e s s f u l  d i r e c t  a l k y l a t i o n  o f  b i s -  
p h en o l - A  h a s  been  r e p o r t e d  i n  t h e  l i t e r a t u r e ^ : t e r c -  
b u t y l a t i o n  w i t h  i s o b u t y l e n e  i n  t h e  p r e s e n c e  o f  a l umi n i um 
p h e n o l a t e  a s  c a t a l y s t  i n  t h e  medium o f  t o l u e n e  o r  e x c e s s i v e  
i s o b u t y l e n e  a s  d i l u e n t  a t  140 °C.
S y m m e t r i c a l l y  a l k y l a t e d  b i s p h e n o l - A  can  be p r e p a r e d  by
72c o n d e n s a t i o n  o f  a l k y l p h e n o l s  w i t h  a c e t o n e  . The s y n t h e s i s  
of  2 , 2 ' - b i s ( 4 - h y d r o x y - 3 - m e t h y l p h e n y 1 ) p r o p a n e , 8 , was 
s u c c e s s f u l l y  a c h i e v e d  by c o n d e n s a t i o n  o f  o - c r e s o l  w i t h  
a c e t o n e .  The c o n d e n s a t i o n  p e r f o r m e d  a t  room t e m p e r a t u r e  was 
c a t a l y z e d  w i t h  a n h y d r o u s  h y d r o g e n  c h l o r i d e .  More a c t i v e  
c a t a l y s t s ,  s uc h  a s  s u l f o n i c  a c i d  a n d / o r  Lewis  a c i d s ,  c o u l d  
n o t  be u sed  s i n c e  t h e y  e f f e c t e d  i s o m e r i z a t i o n  o f  2 - a l k y l  t o  
t h e  t h e r m o d y n a m i c a l l y  more s t a b l e  4 - a l k y l p h e n o l , o r  
i n t e r m o l e c u l a r  t r a n s a l k y l a t i o n ; t h o s e  i s o m e r i z a t i o n  and 
t r a n s a l k y l a t i o n  r e a c t i o n s  p ro v ed  much f a s t e r  t h a n  t h e  
c o n d e n s a t i o n  w i t h  a c e t o n e .
M e t h y l a t e d  p o l y s u l f o n e ,  9 , was s u b s e q u e n t l y  p r e p a r e d
from 2 , 2 ' - b i s ( 4 - h y d r o x y - 3 - m e t h y l p h e n y l ) p r o p a n e ,  8 , and
4 , 4 ’ - d i c h l o r o d i p h e n y l s u l f o n e , 3 , u s i n g  t h e  ^CO^/NMP r o u t e
a s  p r e v i o u s l y  d e s c r i b e d  (Scheme 2 - 3 ) .  The m e t h y l a t e d
p o l y s u l f o n e ,  9 , o b t a i n e d  h a s  an i n t r i n s i c  v i s c o s i t y  o f  0 .41
d l / g  ( c h l o r o f o r m  s o l u t i o n  a t  3 0 . 0 0  ±. 0 . 0 5  ° C ) .  The
a p p r o x i m a t e  m o l e c u l a r  w e i g h t ,  c a l c u l a t e d  f rom t h e  f o r m u l a
- 3  0 72[ T) ] = 0 . 2 3  x 10 M ( c o n s t a n t s  d e r i v e d  f rom m o l e c u l a r
73w e i g h t  m e a s u r e m e n t s  on p o l y s u l f o n e  ) ,  was = 3 1 , 0 0 0 .
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Scheme 2 - 3 .  S y n t h e s i s  o f  Met hy l a ted  P o l y s u l f o n e ,  9 .
HO
CH3
CH3—  C —  CH3
HC1 
(anhydrous)
HO
CH
OH + 0 1 - © “ “ a - © -
3 8  0H3
CH,
k2co3 , NMP 
toluene, 1 7 0 °C , 5 hr
S02 — — 0 n
CH,
Cl
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I n t e g r a t i o n  o f  t h e  NMR s p e c t r u m  i n d i c a t e d  t h a t  two CH^ 
g r o u p s  were  i n t r o d u c e d  i n t o  t h e  r e p e a t i n g  u n i t .
2 , 2 . 3  S y n t h e s i s  o f  Capped B i s p h e n o l - A  Model  Compounds
In  d i s c u s s i n g  r e a c t i o n  r a t e s  i n v o l v i n g  p o l y m e r s ,  i t  i s
n e c e s s a r y  and u s e f u l  t o  compare  t h e  c h e m i c a l  r e a c t i v i t y  of
f u n c t i o n a l  g r o u p s  a t t a c h e d  t o  p o l y m e r s  w i t h  t h o s e  on low
m o l e c u l a r  w e i g h t  a n a l o g u e s .  T h e r e f o r e ,  a model  compound f o r
p o l y s u l f o n e  was s y n t h e s i z e d  i n  o r d e r  t o  o b t a i n  c o m p a r a t i v e
c h e m i c a l  d e g r a d a t i o n  b e h a v i o r  be tween  a m a c r o m o l e c u l e  and
i t s  low m o l e c u l a r  w e i g h t  a n a l o g .  The model  compound which
i s  i d e n t i f i e d  a s  c apped  b i s p h e n o l - A  ( capped-BPA) ,  10 ,
t h r o u g h o u t  t h i s  c h a p t e r ,  was s y n t h e s i z e d  a c c o r d i n g  t o  t h e
s e q u e n c e  a s  i l l u s t r a t e d  i n  Scheme 2 - 4 .  The e s s e n t i a l
p r o c e d u r e  i s  a l m o s t  t h e  same a s  t h a t  r e p o r t e d  by J o h n s o n  e t  
6 2a l .  i n  t h e  p r e p a r a t i o n  o f  p o l y s u l f o n e ,  b u t  one o f  t h e  
b i f u n c t i o n a l  monomers ,  4 , 4  ' - d i c h l o r o d i p h e n y l s u l f o n e  , was 
r e p l a c e d  w i t h  c h l o r o p h e n y l  p h e n y l  s u l f o n e ,  1 1  , a 
m o n o f u n c t i o n a l  monomer.  A s m a l l  m o d i f i c a t i o n  was made i n  
t h e  s y n t h e s i s ,  i . e . ,  t o l u e n e  was used  a s  a c o s o l v e n t  i n s t e a d  
o f  c h l o r o b e n z e n e  t o  remove w a t e r  by a z e o t r o p i c  d i s t i l l a t i o n .  
A c c o r d i n g  t o  J o h n s o n ' s  o b s e r v a t i o n s ,  m a i n t a i n i n g  a c o n s t a n t  
h i g h  t e m p e r a t u r e  ( 1 5 5 - 1 6 0  °C) was a key s t e p  t o  o b t a i n  a 
h i g h  m o l e c u l a r  w e i g h t  p o l y s u l f o n e ,  b e c a u s e  v a r i a t i o n  of  
t e m p e r a t u r e  made t h e  po lymer  p r e c i p i t a t e  p r e m a t u r e l y ,  and 
a f t e r w a r d  i t  was d i f f i c u l t  t o  r e d i s s o l v e  i n t o  DMSO s o l v e n t .  
A l l  t h e  componen t s  i n  t h e  r e a c t i o n  m i x t u r e  f o r  p r e p a r a t i o n
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Scheme 2 - 4 .  S y n t h e s i s  o f  Capped B i s p h e n o l - A ,  10 , and 
Capped N i t r a t e d  B i s p h e n o l - A ,  12 .
HO OH
NaOH
NaO ONa +  2C1
- 2 NaCl
11
10
NO
NH^NO^, TFAA 
CHCl^, 2k hr, tr
N0 „
© - s o * ® - 0 0  S 0 2 ^ O ’
12
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of  capped-BPA were s o l u b l e  i n  DMSO; t h e r e f o r e ,  v a r i a t i o n  of  
t e m p e r a t u r e  d i d  n o t  i n t e r f e r e  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s .
The capped-BPA c o u l d  be n i t r a t e d  u s i n g  t h e  same 
e x p e r i m e n t a l  c o n d i t i o n s  d e v e l o p e d  f o r  t h e  p r e p a r a t i o n  of  
n i t r a t e d  p o l y s u l f o n e  a s  shown i n  Scheme 2 - 4 .  E l e m e n t a l  
a n a l y s i s  i n d i c a t e d  t h a t  I . 8 -NO2  g r o u p s  were  i n t r o d u c e d  i n t o  
t h e  n i t r a t e d  capped-BPA,  12.
M e t h y l a t e d  capped-BPA,  13 , was o b t a i n e d  by 
c o n d e n s a t i o n  of  2 , 2 1 - b i s ( 4 - h y d r o x y - 3 - m e t h y l  p h e n y l ) p r o p a n e ,
8  , w i t h  c h l o r o p h e n y l  p h e n y l  s u l f o n e ,  1 1  , v i a  t h e  ^COg/NMP 
r o u t e  r e p o r t e d  by McGrath e t  a l .  a s  i l l u s t r a t e d  i n  Scheme 
2 - 5 .  The i n t r o d u c t i o n  o f  two CH^ g r o u p s  i n t o  t h e  capped-BPA 
was c o n f i r m e d  by t h e  i n t e g r a t e d  NMR s p e c t r u m .
The ■'"H NMR s p e c t r a  o f  10 and 1 a r e  shown i n  F i g u r e s  
2 - 2  and 2-3  r e s p e c t i v e l y .  I t  i s  c l e a r  t h a t  no ma jo r  
d i f f e r e n c e  was found  be twee n  t h e s e  two s p e c t r a ,  e x c e p t  i n  
t h e  r e g i o n  where  t h e  p r o t o n s  p a r a  and meta  t o  t h e  s u l f o n e  i n  
t h e  p h e n y l  s u l f o n e  u n i t  o f  capped-BPA a p p e a r .  F i g u r e s  2 - 4 ,  
2 - 5 ,  2 - 6 ,  and 2-7  g i v e  t h e  NMR s p e c t r a  o f  n i t r a t e d  
capped-BPA,  12 , n i t r a t e d  p o l y s u l f o n e ,  4 , m e t h y l a t e d  
capped-BPA,  13 , and m e t h y l a t e d  p o l y s u l f o n e ,  9 , 
r e s p e c t i v e l y .  The same ma jo r  d i f f e r e n c e  was a l s o  found  i n  
t h e s e  s p e c t r a  a t  t h e  7 . 6 5  ppm r e g i o n  where  t h e  p r o t o n s  p a r a  
and meta  t o  s u l f o n e  i n  t h e  p h e n y l  s u l f o n e  o f  capped-BPA
a p p e a r .
13 C NMR s p e c t r a  i n d e e d  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on 
e l u c i d a t i o n  o f  t h e  s t r u c t u r e  o f  t h e s e  p r o d u c t s .  F i g u r e s
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Scheme 2 - 5 .  S y n t h e s i s  o f  Capped M eth y la ted  B i s p h e n o l - A ,  
13.
HO
CH.
0
II
-j- CH3— c
HC1 
( a n h y d r o u s )
CH,
Q - + 0 1
11
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2 - 8 ,  2 - 9 ,  2 - 1 0 ,  and 2-11  show t h e  NMR s p e c t r a  o f
n i t r a t e d  capped-BPA,  12 , n i t r a t e d  p o l y s u l f o n e ,  4 ,
m e t h y l a t e d  capped-BPA,  13 , and m e t h y l a t e d  p o l y s u l f o n e ,  9 ,
13r e s p e c t i v e l y .  The C NMR c h e m i c a l  s h i f t  a s s i g n m e n t  i s  
summar i zed  i n  T a b l e  2 -4  w i t h  a c o m p a r i s o n  w i t h  t h e  
c a l c u l a t e d  v a l u e s .  These  v a l u e s  can  be o b t a i n e d  by a p p l y i n g  
t h e  p r i n c i p l e  o f  s u b s t i t u e n t  a d d i t i v i t y ^ .
S u b s t i t u t e d  p o l y s u l f o n e s  and t h e  model  capped-BPA a l s o  
e x h i b i t  t h e  same IR c h a r a c t e r i s t i c s  a s  p o l y s u l f o n e .  
P o l y s u l f o n e  e x h i b i t s  two s t r o n g  IR bands  a r i s i n g  f rom t h e  
a n t i s y m m e t r i c  and s y m m e t r i c  S0 2  s t r e t c h i n g  modes .  The 
a n t i s y m m e t r i c  S0 2  s t r e t c h  v i b r a t i o n  o c c u r s  i n  t h e  1400-1300  
cm 1  r e g i o n  and t h e  s y m me t r i c  S0 2  s t r e t c h  v i b r a t i o n  o c c u r s  
i n  t h e  1200-1100  cm * r e g i o n .  A r y l - 0 - a r y l  g r o u p s  c o n t a i n e d  
i n  t h e  p o l y s u l f o n e  e x h i b i t  a s t r o n g  band n e a r  1250 cm- 1  
a r i s i n g  f rom a complex  v i b r a t i o n  i n v o l v i n g  a r y l - 0 - a r y l  
s t r e t c h .  A s y m m e t r i c  CH^ d e f o r m a t i o n  i s  o b s e r v e d  a s  a weak 
t o  medium band n e a r  1380 cm a l o n g  w i t h  a r o m a t i c  i n - p l a n e  
r i n g  b e n d - s t r e t c h  modes n e a r  1600 and 1500 cm- 1 . The IR 
s p e c t r a  o f  n i t r a t e d  p o l y s u l f o n e ,  4 , n i t r a t e d  capped-BPA,
12 , m e t h y l a t e d  p o l y s u l f o n e ,  9 , and m e t h y l a t e d  capped-BPA,
13 , a r e  shown i n  F i g u r e s  2 - 1 2 ,  2 - 1 3 ,  2 -1 4  and 2 - 1 5 ,  
r e s p e c t i v e l y .  The a s s i g n m e n t  o f  t h e  p e a k s  i s  i n c l u d e d  i n  
t h e  e x p e r i m e n t a l  s e c t i o n .
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13T able  2 - 4 .  C NMR Assignment o f  S u b s t i t u t e d  P o l y s u l f o n e s  
and Model Capped Compounds.
X X
7 8
Chemical s h i f t s  of s ignals  of  carbon atoms, ppm
NC -^Capped no2- psf CHg-Capped ch3- psf
Calc.* Expt. Calc. Expt. Calc.* Expt. Calc. Expt.
C-l — 29.7 - 29.7 - 30.9 - 30.9
C-2 - 42.5 - 42.5 - 42.3 - 42.3
C-3 149.8 147.0 149.8 147.0 151.2 150.4 151.2 150.4
C-4 138.7 141.2 138.7 141.4 127.6 129.9 127.6 130.0
C-5 121.9 123.5 121.9 123.5 127.4 129.7 127.4 129.7
C- 6 146.5 145.0 146.5 145.0 145.5 147.7 145.5 147.6
C-7 132.5 133.9 132.5 133.9 123.8 125.9 123.8 125.9
C- 8 119.6 123.2 119.6 123.2 118.6 116.5 118.6 116.5
C-9 138.7 135.8 138.7 135.9 138.7 134.4 138.7 134.9
C-10 127.2 129.7 127.2 129.9 127.2 129.2 127.2 —
C -ll 119.5 117.9 119.5 117.8 119.5 120.5 119.5 120.3
C-l 2 161.0 160.4 161.0 160.4 161.0 162.2 161.0 162.0
C-l 3 143.8 141.2 — - 143.8 142.1 — —
C-14 125.6 127.2 - - 125.6 127.4 - -
C-l 5 128.9 130.0 - - 128.9 130.0 — -
C-16 131.8 133.6 — - 131.8 132.9 — -
X - - - - - 16.3 - 16.3
U sin g  th e  in c r e m e n ta l  s h i f t s  o f  th e  a r o m a t ic  ca rb o n  atom s  
o f  m o n o s u b s t itu t e d  b e n z e n e  a p p r o x im a te d  by a p p ly in g  th e  
p r i n c i p l e  o f  s u b s t i t u e n t  a d d i t i v i t y ^ .
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2 . 3  D e g r a d a t i o n  S t u d i e s
The d e g r a d a t i o n  k i n e t i c s  o f  p o l y s u l f o n e ,  s u b s t i t u t e d  
p o l y s u l f o n e s  and c o r r e s p o n d i n g  model  capped-BPA were 
d e t e r m i n e d  i n  6 :1  v / v  (THF:MeOH) i n  t h e  p r e s e n c e  o f  sodium 
m e t h o x i d e  (NaOMe) a s  shown i n  Scheme 2 - 6 .  I f  random a t t a c k  
on e t h e r  l i n k a g e s  i s  t h e  r a t e  d e t e r m i n i n g  s t e p ,  t h e  r a t e  of  
d e g r a d a t i o n  s h o u l d  be d e f i n e d  by e q u a t i o n  2 - 8 .
dx
  = k [a -x] [~OMe]  ( e q .  2 - 8 )
d t
w h e r e :
[ a - x ]  = t h e  c o n c .  o f  i n t a c t  e t h e r  l i n k a g e s  a t
t i m e  t ,  and 
[ OMe] = t h e  c o n c .  o f  OMe a t  t i m e  0 
and t i m e  t
The c o n c e n t r a t i o n  o f  OMe was c o n s i d e r e d  a s  c o n s t a n t  
d u r i n g  t h e  d e g r a d a t i o n  p r o c e s s ,  b e c a u s e  a l a r g e  e x c e s s  of  
NaOMe o v e r  po lymer  c o n c e n t r a t i o n  was u s ed  i n  a l l  c a s e s .  
Hence ,  t h e  k i n e t i c  d a t a  were  t r e a t e d  a s  p s e u d o - f i r s t  o r d e r  
a s  g i v e n  i n  e q u a t i o n  2 - 9 .
dx t
  = k [ a - x ]  ( e q .  2 - 9 )
d t
w h e r e :
k = k [ OMe]
E q u a t i o n  2-9  can  be s o l v e d  by i n t e g r a t i o n  be tween  t h e
t i me  l i m i t s  t  = 0  and t  and be tween  c o n c e n t r a t i o n  l i m i t s  o
[ a ]  and [ a - x ] .  The i n t e g r a t e d  r a t e  e x p r e s s i o n  t h u s  ha s  t h e
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Scheme 2 - 6 .  P r op o s e d  Pa thway  f o r  t h e  N u c l e o p h i l i c  
D e g r a d a t i o n  f o r  P o l y s u l f o n e  and 
S u b s t i t u t e d  P o l y s u l f o n e s  w i t h  NaOMe.
© 
MeO/ Nam oi
- © >  © O V  0 AAAAA
A t t im e  = 0 ; c o n c e n t r a t i o n  = a M.
A t t im e  = t j  c o n c e n t r a t i o n  = a -  x  M.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
55
f o l l o w i n g  form:
[ a ]
In  ________  k t  ( e q .  2 - 1 0 )
[ a - x ]
The same form o f  e x p r e s s i o n  ( e q .  2 - 1 0 )  r e s u l t s  when 
t h e  c o n c e n t r a t i o n  o f  t h e  d e g r a d a t i o n  p r o d u c t  sodium 
b i s p h e n o l a t e , 14 , i s  u s ed  a s  t h e  v a r i a b l e  i n s t e a d  o f  t h e  
c o n c e n t r a t i o n  o f  p o l y m e r .  The p h e n o l a t e  i o n s  s h o u l d  e x h i b i t  
a s t r o n g  a b s o r p t i o n  band i n  t h e  U V - V i s i b l e  s p e c t r u m .  I f  t h e  
B e e r - L a m b e r t  law f o r  t h i s  m u l t i c o m p o n e n t  s y s t e m  i s  
s a t i s f i e d ,  i . e .  t h e r e  i s  no i n t e r a c t i o n  among t h e  v a r i o u s  
s p e c i e s ,  i t  i s  p o s s i b l e  t o  e x p r e s s  t h e  t o t a l  a b s o r b a n c e  a s  :
~ 1°8 Iq  — ^  2c 2^ ^ 3C3  ^ • • • •
( e q .  2 - 1 1 )
w h e r e :
Dt  = O p t i c a l  d e n s i t y  o f  t h e  m i x t u r e
E,  ^ = t h e  m o l a r  a b s o r p t i v i t y  f o r  t h e  i - t h
a b s o r b i n g  s p e c i e s  i n  1 / mo l e - c m
= c o n c e n t r a t i o n  o f  i - t h  s p e c i e s  i n  m o l e / 1
1  = p a t h  l e n g t h  o f  t h e  c e l l  i n  cm
L e t  E = ^ 1 ;  e q .  2 -1 1  becomes
Dt  = El c l + E2C2 + E3 c 3 + *• • * ^e q * 2 - 1 2 )
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Both sodium p h e n o l a t e ,  14 , and methoxy d i p h e n y l -  
s u l f o n e ,  15 , would be p r e s e n t  a s  t h e  d e g r a d a t i o n  p r o d u c t s  
which  r e s u l t  f rom t h e  n u c l e o p h i l i c  a t t a c k .  The 
c o n c e n t r a t i o n s  o f  b o t h  d e g r a d a t i o n  p r o d u c t s  s h o u l d  i n c r e a s e  
e q u a l l y  a s  t h e  r e a c t i o n  p r o c e e d s .  The o p t i c a l  d e n s i t y  of  
sodium p h e n o l a t e  was c h o s e n  b e c a u s e  t h i s  a b s o r p t i o n  maximum 
can  be r e s o l v e d  e a s i l y  f rom t h e  a b s o r p t i o n  o f  t h e  b i s p h e n o l  
e t h e r  b a c k g r o u n d .  T hus ,  t h e  a b s o r b a n c e  c e n t e r s  were  assumed 
t o  be t h e  po l ymer  s u b s t r a t e  ( E j )  and t h e  r e l e a s e d  sodium 
b i s p h e n o l a t e , 14 , ( E 2 ) .  The c o r r e s p o n d i n g  c o n c e n t r a t i o n s
a t  t i m e  t  a r e  c^ = [ a - x ]  and C2  = [ x ] .  By i n t r o d u c i n g  t h e s e
i n t o  t h e  p r e c e e d i n g  e q u a t i o n ,  e q u a t i o n  2 - 1 2  becomes
Dt  = E 1  t a - x ] + E 2  ( e q * 2~ 1 3 )
A f t e r  a d d i n g  and s u b t r a c t i n g  E 2  [ a ]  t o  e q .  2 - 1 3 :
Dt  = Ej  [ a - x ]  + E2  [ x ]  + E2  [ a ]
-  E2  [ a ]
E-. [ a ]  -  E. [ x ]  + E„ [x ]
+ 1  E2  [ a ]  - 1  E2  [ a ]  2
The e x p r e s s i o n  s i m p l i f i e s  t o  :
Dt  = *-El “ E 2  ^ [ a - x l + E 2  ( e q * 2 - 1 4 )
L e t  A = Ej  -  E2  ; and B = E 2  [ a ]
t h e n ;
Dt  o A [ a - x ]  + B ( e q .  2 - 1 5 )
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At i n i t i a l  t i m e  ( t = 0 ) ,  t h e  c o n c e n t r a t i o n  o f  sodium 
b i s p h e n o l a t e , 14 , s h o u l d  be 0 ( x = 0 ) ;  t h u s  e q u a t i o n  2 -15  i s  
r e d u c e d  t o :
Do A [ a ]  + B ( e q .  2 - 1 6 )
w h e r e :
Dq = o p t i c a l  d e n s i t y  a t  t h e  i n i t i a l  t i me
For  an i n f i n i t e  t i m e  c o r r e s p o n d i n g  t o  t h e  c o m p l e t e  
d e g r a d a t i o n  o f  t h e  p o l ymer  m o i e t y ,  t h e  o b s e r v e d  p r o d u c t s  
w i l l  be a m i x t u r e  o f  sodium b i s p h e n o l a t e ,  14 , and t h e  
m e t h y l e t h e r  o f  p h e n y l s u l f o n e , 1 5 . As a r e s u l t ,  t h e  
c o n c e n t r a t i o n  of  p o l yme r  w i l l  be e q u a l  t o  t h e  c o n c e n t r a t i o n  
o f  sodium b i s p h e n o l a t e ,  1 4 , [ a - x ] .  E q u a t i o n  2 -1 5  i s  
t h e r e f o r e  r e d u c e d  t o :
B ( e q .  2 - 1 7 )
w h e r e :
D oo o p t i c a l  d e n s i t y  a t  i n f i n i t e  t i m e
S u b t r a c t  e q .  2 -1 7  f rom e q .  2 - 1 5 ;  t h e n :
Dt oo A [ a - x ] ( e q .  2 - 1 8 )
and s u b t r a c t  e q .  2 - 1 7  f rom e q .  2 - 1 6 ;  t h e n :
Do A [ a ] ( e q .  2 - 1 9 )
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D i v i d e  e q .  2 - 18  i n t o  e q .  2 - 1 9 ;
Dt  " D qo A [ a - x ]  [ a - x ]
Do " D a,  A [ a ]  ^
( e q .  2 - 2 0 )
S u b s t i t u t e  e q .  2 - 2 0  i n t o  e q .  2 - 1 0 ;
[Dt  -  D ] [ a ]
-  In  ___     = In    k t
( e q .  2 - 2 1 )
[ » 0  -  D J  [ a - x ]
w h e r e :
D = o p t i c a l  d e n s i t y  o f  sodium b i s p h e n o l a t e ,
14 , a t  t  = 0
D oo = o p t i c a l  d e n s i t y  o f  sodium b i s p h e n o l a t e ,
14 , a t  t  = oo
D = o p t i c a l  d e n s i t y  o f  sodium b i s p h e n o l a t e ,
14 , a t  t  = t
i
k = o b s e r v e d  d e g r a d a t i o n  r a t e  c o n s t a n t
a n d ,
»
1c = k “ kme as ur e d  b l a n k
w h e r e :
kfai k = d e g r a d a t i o n  r a t e  c o n s t a n t  w i t h o u t  
n u c l e o p h i l e  NaOMe, which  i s  = 0
^ measu r ed  = d e g r a d a t i o n  r a t e  c o n s t a n t  o b t a i n e d  
f rom t h e  e x p e r i m e n t
S i n c e  = 0 ,  no c o r r e c t i o n  o f  t h e  o b s e r v e d
d e g r a d a t i o n  r a t e  c o n s t a n t  i s  n e c e s s a r y .
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E q . 2-21 becomes :
[D. -  D ] [ a ]L f t f t  --  I n  _____ 0 0  = In    = k t
> 0  "  Doo ] [ a - x ]
( e q .  2 - 2 2 )
The p e r c e n t a g e  o f  d e g r a d a t i o n  can a l s o  be e v a l u a t e d  
from t h e  o p t i c a l  d e n s i t i e s  u s i n g  t h e  f o l l o w i n g  e x p r e s s i o n :
[x]  °o  -  Dt0  =   x 100 = 0  z X 100 ( e q .  2 - 2 3)
[ a ]  Do -
w h e r e :
0  = d e g r e e  o f  d e g r a d a t i o n  i n  %
[ x ]  = c o n c e n t r a t i o n  of  sodium b i s p h e n o l a t e  i n
m o l e / 1
[ a ]  = c o n c e n t r a t i o n  o f  po lymer  i n  m o l e / 1
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2 . 4  R e s u l t s  and D i s c u s s i o n
I t  i s  w e l l  known t h a t  t h e  e t h e r  l i n k a g e  i s  more 
r e s i s t a n t  t o  h y d r o l y s i s  t h a n  e s t e r  o r  c a r b o n a t e  b on d s ,  which 
a r e  v e r y  s u s c e p t i b l e  t o  n u c l e o p h i l i c  a t t a c k .  For  examp l e ,  
t h e  a r y l - 0 - a r y l  l i n k a g e  i s  u s u a l l y  s t a b l e  t o  a t t a c k  by 
p h e n o x i d e s ,  b u t  when t h e s e  l i n k s  a r e  a c t i v a t e d  by s u l f o n e  
s u b s t i t u e n t s  t h e y  may become l a b i l e  and a r e  l i k e l y  t o  be a s  
r e a c t i v e  a s  t h e  c o r r e s p o n d i n g  c h l o r i d e s  d u r i n g  
p o l y c o n d e n s a t i o n  a s  shown i n  Scheme 2 - 7 .  Th u s ,  b e s i d e s  t h e  
r e g u l a r l y  r e p e a t i n g  s t r u c t u r e ,  16 , much more random 
s t r u c t u r e s ,  17 , and 18 , were  o b t a i n e d  f rom t h e  
p o l y c o n d e n s a t i o n  o f  d i c h l o r i d e ,  19 , and  b i s p h e n o l a t e - A  due 
t o  t h e  e t h e r  f i s s i o n ^ .
No k i n e t i c  i n f o r m a t i o n  on t h e  h y d r o l y t i c  s t a b i l i t y  o f  
t h e  a r y l - 0 - a r y l  l i n k a g e  i s  a v a i l a b l e .  However ,  t h e r e  i s  one 
d i s c u s s i o n  i n  t h e  l i t e r a t u r e ^ " *  r e p o r t i n g  t h e  e f f e c t  o f  w a t e r  
on t h e  breakdown o f  p o l y s u l f o n e .  The h y d r o l y t i c  s t a b i l i t y  
o f  p o l y s u l f o n e  i n  w a t e r  was s t u d i e d  a t  400 and 450 °C by an 
i n f r a r e d  s p e c t r o s c o p i c  me th o d .  The r a t i o s  o f  t h e  o p t i c a l  
d e n s i t i e s  ( O . D . )  o f  t h e  ba nd s  a t  1250 cm- * ( a r y l - 0 - a r y l ) , 
and 1300 cm * ( - SO 2 - )  were  comp ar ed .  The r e s u l t s  showed 
t h a t  i n  t h e  t h e r m a l  d e g r a d a t i o n ,  i n  t h e  p r e s e n c e  o f  w a t e r  
v a p o r  t h e  e t h e r  g r o u p  c o n c e n t r a t i o n  f e l l  t o  a l o w er  l e v e l  
t h a n  t h e  c o n c e n t r a t i o n  o f  s u l f o n e  g r o u p s .  I n  t h e  o r i g i n a l  
s amp l e  0*^*1250  ^ ^ ‘ ^ ‘ lSOO = ^»3 ;  a f t e r  d e g r a d a t i o n  i n  
s a t u r a t e d  w a t e r  v a p o r  t h e  r a t i o  i s  2 . 8 .  T h u s ,  h y d r o l y s i s  of
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Scheme 2 - 7 .  E t h e r  F i s s i o n  d u r i n g  P o l y c o n d e n s a t i o n .
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p o l y s u l f o n e  a t  h i g h  t e m p e r a t u r e  r e s u l t e d  m a i n l y  i n  breakdown 
o f  t h e  a r y l - O - a r y l  l i n k a g e .  S i n c e  r u p t u r e  o f  a r y l - O - a r y l  
l i n k a g e  does  n o t  p r o d u c e  e a s i l y  a n a l y s a b l e  v o l a t i l e  
p r o d u c t s ,  t h e  UV-Vis s p e c t r o p h o t o m e t r i c  method was c ho s e n  t o  
s t u d y  t h e  h y d r o l y t i c  s t a b i l i t y  o f  p o l y s u l f o n e  and 
s u b s t i t u t e d  p o l y s u l f o n e s  u s i n g  sodium m e t h o x i d e  by m e a s u r i n g  
t h e  c o n c e n t r a t i o n  o f  p h e n o l a t e  s a l t s  p r o d u c e d  a s  t h e  
d e g r a d a t i o n  p r o d u c t s .
P r e l i m i n a r y  s t u d i e s  o f  h y d r o l y t i c  d e g r a d a t i o n  of
p o l y s u l f o n e ,  s u b s t i t u t e d  p o l y s u l f o n e s  and model  capped
compounds were  c o n d u c t e d .  S i n c e  t h e  p o l y s u l f o n e  i s  n o t
s o l u b l e  i n  p u r e  m e t h a n o l ,  a mixed s o l v e n t  s y s t e m  (THFrMeOH)
was s e l e c t e d .  I f  t h e  c o n c e n t r a t i o n  o f  THF was t o o  h i g h ,  t h e
s o l u b i l i t y  o f  t h e  d e g r a d a t i o n  p r o d u c t  ( p h e n o l a t e  s a l t )  was
r e d u c e d ,  t h e r e b y  p r e c i p i t a t i n g  some o f  t h e  s a l t s  and
a f f e c t i n g  me as u r e me n t  o f  t h e  d e g r a d a t i o n  p r o d u c t s .  However ,
i f  t h e  MeOH c o n c e n t r a t i o n  was t o o  h i g h ,  t h e  s o l u b i l i t y  of
t h e  p o l y m e r s  was r e d u c e d ,  t h e r e b y  p r e c i p i t a t i n g  some o f  t h e
-4p o l y m e r s .  At a po l ymer  c o n c e n t r a t i o n  o f  5 . 5  -  7 . 5  x 10 M, 
t h e  c r i t i c a l  THF:MeOH c o n c e n t r a t i o n  f o r  p r e c i p i t a t i o n  was 
found  t o  be be twee n  6 : 0 . 2  and 6 : 1  a t  25 °C.  THF:MeOH ( 6 : 1 ;  
v : v )  was c ho se n  t o  p r e v e n t  t h e  p r e c i p i t a t i o n  o f  p h e n o l a t e  
s a l t s  which were  b u i l t  up d u r i n g  t h e  r e a c t i o n  p e r i o d  ( 1 - 2  
w e e k s ) .  The MeOH h a s  t h e  u n d e s i r e d  e f f e c t  o f  s h i f t i n g  t h e  
p h e n o l a t e  peak  t o  a l owe r  w a v e l e n g t h  a s  can  be s e e n  f rom t h e  
a b s o r p t i o n  s p e c t r a  o f  BPA, CH^-BPA and NO2 -BPA ( T a b l e  2 - 5 ;  
F i g u r e s  2 - 16  t o  F i g u r e  2 - 18  r e s p e c t i v e l y ) .  The n a t u r e  of
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T a b l e  2 - 5 .  A b s o r p t i o n  C h a r a c t e r i s t i c s  o f  B i s p h e n o l - A  
and S u b s t i t u t e d  B i s p h e n o l - A .
Compound Solvent without NaCMe with NaCMe
h E i A 2 £>2 * 1 5 , X 2 £ 2
BPA MeCH* 278.5 6300 227 26900 _ _ -
THF:MeOH
(6:1) 280.0 6740 - - 288.5 5705 - -
C -^BPA MeCH* 279.0 4300 - - - - - -
IHFrMeOH
(6:1) 280.0 6330 - - 288.0 6220 - -
no2-bpa MeCH 350.0 4900 278 10400 420.0 6600 - -
THF:MeOH
(6:1) 358.0 6000 278 12000 437.0 8800 - -
(9:1) 443.0 9800 —
'
* From Sadtler Research Laboratories, Inc. UV spectrum. 
Units of A and E, are in nm, and 1 /mole-cm respectively.
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F i g u r e  2 - 1 6 .  The a b s o r p t i o n  s p e c t r a  o f  BPA, 2 , i n  TIIF: 
MeOH ( 6 : 1 ) ,  ( [BPA] = 1 . 3 5  x 10_A) ,  b e f o r e  
( ---------) and a f t e r  ( ---------- ) a d d i n g  o f  NaOMe.
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F i g u r e  2 - 1 7 .  The a b s o r p t i o n  s p e c t r a  of  C1I3 -BPA, 8  , i n  
THF:MeOH ( 6 : 1 ) ,  ( [CH3 -BPA] « 1 . 3 5  x 10"4 ) .
b e f o r e  ( ---------) and a f t e r  ( --------- ) adding of
NaOMe.
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F i g u r e  2 - 1 8 .  The a b s o r p t i o n  s p e c t r a  o f  NO2 -BPA, 5 ,
b e f o r e  ( ---------) and a f t e r  ( ----------) adding  of
NaOMe ( 1 )  i n  MeOH, ( 2 )  i n  THF:Me0H ( 6 : 1 ) ,  
[N02-BPA] -  5 . 0  x 10"5 Hi ( 3 )  i n  MeOH, 
[N02-BPA] -  8 . 0 2  x 10- 5  M; (A) i n  THF:
MeOH ( 6 : 1 )  [N02-BPA] -  2 . 8 8  x 10"5 M; 
and ( 5 )  i n  THF:Me0H ( 9 : 1 ) ,  [N02_BPA]
-  7 . 3 7  x IO- 5  M.
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t h e  s o l v e n t  a l s o  a f f e c t s  t h e  b a ck gr o u n d  s p e c t r a  o f  sodium 
m e t h o x i d e  u s ed  a s  t h e  d e g r a d i n g  a g e n t .  Sodium m e t h o x i d e  has  
no a b s o r p t i o n  i n  t h e  2 5 0 - 500  nm r e g i o n  i n  p u r e  MeOH 
s o l u t i o n ,  b u t  a d d i t i o n  o f  THF (THF: Me0H=6: 1 )  r e s u l t s  i n  a 
peak  a t  330 nm which  s t e m s  f rom an u n i d e n t i f i e d  b y p r o d u c t  
p r o d u c e d  upon a d d i t i o n  o f  NaOMe t o  t h e  s o l v e n t  m i x t u r e .
S h c h o r i  and M c G r a t h ^  have  shown t h a t  c o n v e r s i o n  of  
t h e  p h e n o l i c  g r o u p s  o f  p o l y s u l f o n e  t o  t h e i r  p h e n o l a t e  fo r ms  
i n  t h e  p r e s e n c e  o f  t e t r a a l k y l a m m o n i u m h y d r o x i d e  i n  THF 
c o n t a i n i n g  2 - 4  % MeOH s h i f t s  t h e i r  a b s o r p t i o n  maxima from 
280- 290  nm t o  3 00 - 32 0  nm. The a b s o r p t i o n  s p e c t r a  o f  PSF,  
CH3~PSF,  c apped  BPA and capped  CH3~BPA e x h i b i t e d  t h e  
a b s o r p t i o n  maxima i n  t h e  2 8 8 - 298  nm r a n g e .  Examples  o f  
t h e s e  s p e c t r a  a r e  shown i n  F i g u r e  2 - 1 9  and F i g u r e  2 - 2 0 .  The 
s p e c t r a  o f  PSF and CHj-PSF b o t h  e x h i b i t e d  an a b s o r p t i o n  
maximum a t  298 nm a s  soon  a s  t h e  NaOMe was a d d e d ;  t h e  
maximum s h i f t e d  t o  288 nm a f t e r  a p e r i o d  o f  t i m e  (6  d a y s )  
due t o  t h e  f o r m a t i o n  o f  CHg-BPA p h e n o l a t e  s a l t s  f o r  CHg-PSF,  
b u t  s t a y e d  a t  t h e  same p o s i t i o n  (298  nm) even  f o r  a p e r i o d  
o f  one week f o r  PSF.  No s p e c t r a l  c h a n g e s  a r e  o b s e r v e d  when 
capped  BPA and c apped  CHg-BPA were  t r e a t e d  w i t h  NaOMe. Both 
capped  BPA and c apped  CHg-BPA showed t h e  a b s o r p t i o n  maximum 
a t  298 nm b e f o r e  and a f t e r  a d d i n g  NaOMe, b u t  t h e  maximum 
s h i f t e d  t o  288 nm a day a f t e r  t h e  NaOMe was added  due t o  t h e  
f o r m a t i o n  o f  c o r r e s p o n d i n g  p h e n o l a t e  s a l t s .  However ,  t h e  
o p t i c a l  d e n s i t i e s  a t  t h e  p h e n o l a t e  maximum o f  PSF,  CHg-PSF, 
c apped  BPA and c apped  CH3~BPA a t  288 nm c o u l d  n o t  be
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The a b s o r p t i o n  s p e c t r a  o f  PSF,  1 , i n  
THF:MeOH ( 6 : 1 )  w i t h  NaOMe a s  r e c o r d e d  
a g a i n s t  t h e  c o r r e s p o n d i n g  n e u t r a l  s o l u t i o n .
The s p e c t r a  were  r e c o r d e d  a t  one day i n t e r v a l s ,
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F i g u r e  2 - 2 0 .  The a b s o r p t i o n  s p e c t r a  o f  c apped-BPA,  10,  
i n  THF;MeOH ( 6 : 1 )  w i t h  NaOMe a s  r e c o r d e d  
a g a i n s t  t h e  c o r r e s p o n d i n g  n e u t r a l  s o l u t i o n .
The s p e c t r a  we r e  r e c o r d e d  a t  one  day i n t e r v a l s .
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c o r r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  p u r e  p h e n o l a t e  
d e g r a d a t i o n  p r o d u c t s  due t o  t h e  i n t e r f e r e n c e  of  t h e  NaOMe 
b y p r o d u c t  a b s o r p t i o n  i n  t h i s  r e g i o n  (330  nm).  The 
i n t e r f e r e n c e  p r o d u c e d  a s i g n i f i c a n t  t a i l i n g  i n t o  t h e  v i s i b l e  
r e g i o n  a s  can  be s e e n  f rom t h e  a b s o r p t i o n  s p e c t r a  exampl es  
shown i n  F i g u r e  2 - 1 9  and F i g u r e  2 - 2 0 .
The a b s o r p t i o n  s p e c t r a  o f  NO2 -PSF and capped  NO2 -BPA
i n  THF:MeOH ( 6 : 1 )  a r e  shown i n  F i g u r e  2 -21  and F i g u r e  2 -22  
r e s p e c t i v e l y ,  and o p t i c a l  d e n s i t i e s  a t  p h e n o l a t e  maximum a r e  
r e p o r t e d  i n  T a b l e  2 - 6  and T a b l e  2 - 7 .  NO2 -PSF and capped  
NO2 -BPA have  no a b s o r p t i o n  a t  437 nm i n  p u r e  MeOH, b u t  a
peak  a t  437 nm was o b s e r v e d  a s  soon a s  NaOMe was added  and
t h e  i n t e n s i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  t i m e .  The o p t i c a l  
d e n s i t i e s  a t  t h e  p h e n o l a t e  maximum o f  b o t h  NO2 -PSF and 
c apped  NO2 -BPA a r e  o b t a i n e d  d i r e c t l y  f rom t h e  UV-Vis 
s p e c t r o p h o t o m e t r i c  me as ur e me n t  a t  437 nm s i n c e  t h e  
a b s o r p t i o n  o f  NaOMe b y p r o d u c t  d o e s  n o t  e x t e n d  i n t o  t h i s  
r e g i o n .  T h u s ,  p h e n o l a t e  s a l t s  were  f ound  t o  be m e a s u r a b l e  
d e g r a d a t i o n  p r o d u c t s .
An a t t e m p t  was made t o  o b t a i n  t h e  h y d r o l y t i c  
d e g r a d a t i o n  r a t e  c o n s t a n t s  ( k j g g )  f rom a p l o t  o f  
-  In  [ ( 0 .  D. t  -  O.D.qjj ) / ( 0 . D . q -  O . D . q q ) ]  vs t i m e  o f  NO2 -PSF 
and capped  NO2 -BPA. However ,  l i n e a r  p l o t s  p a s s i n g  t h r o u g h  
z e r o  were  n o t  o b t a i n e d .  H y d r o l y s i s  d oe s  n o t  a p p e a r  t o  be a 
pseudo  f i r s t  o r d e r  p r o c e s s  u n d e r  t h e s e  c o n d i t i o n s ,  so 
m e a n i n g f u l  r a t e  c o n s t a n t s  c o u l d  n o t  o b t a i n e d .  A t t e m p t s  t o  
f i t  t h e  d a t a  shown i n  F i g u r e  2 -23  t o  s e c o nd  o r d e r  k i n e t i c s
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F i g u r e  2 - 2 1 .  The a b s o r p t i o n  s p e c t r a  o f  N0„-PSF,  h ,
i n  THF:MeOH ( 6 : 1 )  w i t h  NaOMe a s  r e c o r d e d  
a g a i n s t  t h e  s o l v e n t  s o l u t i o n .  The s p e c t r a  
were  r e c o r d e d  a t  one day i n t e r v a l s .
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The a b s o r p t i o n  s p e c t r a  o f  c a p p e d  N0„-BPA, 
12 ,  i n  THF:MeOH ( 6 : 1 )  w i t h  NaOMe a s  
r e c o r d e d  a g a i n s t  t h e  s o l v e n t  s o l u t i o n .  Th 
s p e c t r a  we r e  r e c o r d e d  a t  one  day i n t e r v a l s
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T a b l e  2- 6 .  D e g r a d a t i o n  Data  o f  N02~PSF, 4 .
t O.D. O.D.  -O.D.  O.D. -O.D.t - I n t  oo ° (%)
( d a y ) (437nm) O.D. -O.D.  qo O.D.  0 q-O.D.  oo
0 . 0 4 0 . 1 8 0 0 . 0 2 8 2 . 7
0 . 0 8 0 . 1 8 0 0 . 0 2 8 2 . 7
0 . 1 3 0 . 1 8 5 0 . 0 2 8 2 . 8
0 . 1 7 0 . 1 8 5 0 . 0 2 8 2 . 8
0 .21 0 . 19 5 0 . 0 3 0 3 . 0
0 . 2 5 0 . 2 0 0 0 . 031 3 . 0
0 . 5 0 0 . 2 2 0 0 . 0 3 4 3 . 3
1 . 0 0 0 . 2 5 0 0 . 0 3 9 3 . 8
1 . 5 0 0 . 3 0 0 0 . 0 4 7 4 . 6
2 . 0 0 0 . 3 1 5 0 . 0 4 9 4 . 8
2 . 5 0 0 . 3 6 0 0 . 0 5 6 5 . 6
3 . 0 0 0 . 3 4 0 0 . 0 5 3 5 . 2
3 . 5 0 0 . 3 3 5 0 . 0 5 2 5 . 1
4 . 0 0 0 . 3 6 5 0 . 0 5 7 5 . 5
5 . 0 0 0 . 3 7 0 0 . 0 5 8 5 . 6
6 . 0 0 0 . 3 6 0 0 . 0 5 6 5 . 5
[ no2- p s f ] = 7 . 5 0 x 1 0 " 4 M; (NaOMe] = 0 . 0 1 3 M;
i n  THF: MeOH ( 6 : 1) a t 25 °C.
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T a b l e  2 - 7 .  D e g r a d a t i o n  Da ta  o f  Capped NC^-BPA, 12.
t 0 . D . t O.D.  -O.D.
- u  ‘  "
O.D.  -O.D.
c c? )
( d a y) (437nm) O.D.  Q~ 0 . D <QO O.D.  - O . D . „  0
0 . 0 4 0 . 0 2 5 0 . 0 0 3 8 0 . 3 8
0 . 0 8 0 . 0 3 5 0 . 0 0 5 3 0 . 5 3
0 . 1 3 0 . 0 3 5 0 . 0 0 5 3 0 . 5 3
0 . 1 7 0 . 0 3 5 0 . 0 0 5 3 0 . 5 3
0 . 2 1 0 . 0 3 5 0 . 0 0 5 3 0 . 5 3
0 . 2 5 0 . 0 4 0 0 . 00 61 0 . 61
0 . 5 0 0 . 0 5 0 0 . 0 0 7 6 0 . 7 6
1 . 0 0 0 . 0 8 5 0 . 0 1 3 1 .3
1 . 5 0 0 . 1 1 0 0 . 0 1 7 1 . 8
2 . 0 0 0 . 1 2 0 0 . 0 1 8 2 . 1
2 . 5 0 0 . 1 4 0 0 . 021 2 . 3
3 . 0 0 0 . 1 5 0 0 . 0 2 3 2 . 3
3 . 5 0 0 . 1 7 0 0 . 0 2 6 2 . 6
oo
• 0 . 1 6 0 0 . 0 2 5 2 . 4
5 . 0 0 0 . 1 7 0 0 . 0 2 6 2 . 6
6 . 0 0 0 . 1 7 0 0 . 0 2 6 2 . 6
[c a p p ed  N02-BPA] -  7 . 5 0  x 10~4 M; [NaOMe] = 0 . 0 1 3  M; 
i n  THF:MeOH ( 6 : 1 )  a t  25 °C.
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were  u n s u c c e s s f u l .
The o p t i c a l  d e n s i t i e s  a t  t h e  p h e n o l a t e  maxima from 
CH^-PSF,  c ap p e d  BPA and capped  CH^-BPA were  n o t  t h e  t r u e  
v a l u e s  due t o  t h e  i n t e r f e r e n c e  o f  t h e  NaOMe b y p r o d u c t .
Th u s ,  a t t e m p t s  t o  m e as u r e  h y d r o l y t i c  d e g r a d a t i o n  r a t e  
c o n s t a n t s  o f  PSF,  CH^-PSF,  c appe d  BPA and capped  CH^-PSF 
u s i n g  t h i s  s p e c t r o p h o t o m e t r i c  method were  u n s u c c e s s f u l .
The r e d u c e d  s p e c i f i c  v i s c o s i t y  ( T) re( j )  NO2 -PSF due 
t o  t h e  e f f e c t  o f  NaOMe were  me as ur e d  i n  b o t h  THF and DMSO 
s o l u t i o n  a t  3 0 . 0 0  ±. 0 . 0 5  °C a s  shown i n  F i g u r e  2 - 2 4 .  The 
c u r v e s  o b t a i n e d  were  n e a r l y  p a r a l l e l ,  and t h e  T) rg{j of  
NO2 -PSF i n  b o t h  THF and DMSO d e c r e a s e d  r a p i d l y  d u r i n g  t h e  
i n i t i a l  s t a g e s  and t h e n  l e v e l e d  o f f .  Compar i son  o f  t h e  
v i s c o s i t y  d a t a  w i t h  s p e c t r o p h o t o m e t r i c  e s t i m a t e s  o f  t h e  
e x t e n t  o f  d e g r a d a t i o n ,  i . e .  a p p r o x i m a t e l y  2.7% i n  100 
m i n u t e s  ( T a b l e  2 . 6 )  i n d i c a t e  t h a t  random c h a i n  c l e a v a g e  has  
o c c u r r e d .  Assuming a m o l e c u l a r  w e i g h t  o f  3 2 , 0 0 0 ,  t h e  
a v e r a g e  D . P . ( d e g r e e  o f  p o l y m e r i z a t i o n )  o f  t h e  s t a r t i n g  
po l y me r  i s  60 .  I f  an a v e r a g e  o f  two b o n d s / c h a i n  were 
c l e a v e d ,  t h e  a v e r a g e  D.P .  would  be r e d u c e d  t o  20 ,  which  
would c o r r e s p o n d  t o  a m o l e c u l a r  w e i g h t  o f  10600.  I f  no 
c han ge  i n  t h e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  has  o c c u r r e d  and 
i f  t h e  Mark-Houwink c o n s t a n t s  f o r  p o l y ( a r y l e t h e r  s u l f o n e )  
can  be a p p l i e d  t o  t h i s  s y s t e m ,  t h e  T) rg(j a f t e r  100 m i n u t e s  
can  be e s t i m a t e d  t o  be 0 . 1 8  d l / g .  The o b s e r v e d  v a l u e  of  
0 . 2 3  d l / g  i s  r e a s o n a b l y  c l o s e  t o  t h i s  e s t i m a t e .  An 
a l t e r n a t e  mechan i sm,  s t e p w i s e  d e g r a d a t i o n  o f  a c h a i n  end
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F i g u r e  2 - 2 4 .  V a r i a t i o n  i n  r e d u c e d  s p e c i f i c  v i s c o s i t y  d u r i n g  h y d r o l y t i c  
d e g r a d a t i o n  o f  NC^-PSF ( 0 . 5  g / lOOml)  i n  THF ( Q  ) and i n  
DMSO ( A  ) „ i t h  NaOMe ( 0 . 1  g/ lOOml)  a t  3 0 . 0 0  i  0 . 0 5  °C.
78
would r e d u c e  t h e  D.P .  t o  58 o n l y  a f t e r  3% d e g r a d a t i o n .  The 
f i n a l  T) re( j e s t i m a t e d  f o r  t h i s  p r o c e s s  i s  0 . 3 8  d l / g ,  a 
v a l u e  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  o b s e r v e d .
2 . 6  E x p e r i m e n t a l
G e n e r a l  I n f o r m a t i o n :
M e l t i n g  p o i n t s  were  t a k e n  w i t h  a Thomas-Hoover
c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s , o r  a F i s h e r - J o h n s
a p p a r a t u s  and a r e  u n c o r r e c t e d .
I n f r a r e d  ( I R)  s p e c t r a  were  r e c o r d e d  w i t h  a IBM F T- I R /3 2
Model .  S p e c t r a l  b ands  a r e  r e p o r t e d  i n  r e c i p r o c a l
c e n t i m e t e r s  (cm ^ ) .
U l t r a v i o l e t  (UV) and V i s i b l e  s p e c t r a  were  r e c o r d e d  w i t h
a Cary  14 U V - V i s i b l e  s p e c t r o p h o t o m e t e r .
P r o t o n  and Carbon N u c l e a r  M a g n e t i c  Res o n a nc e  s p e c t r a
were  r e c o r d e d  w i t h  a B r u k e r  WP-200 F o u r i e r  T r a n s f o r m  NMR
S p e c t r o m e t e r  a t  200 MHz. NMR c h e m i c a l  s h i f t s  ( 6  ) a r e
r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  (ppm) u n i t s ,  u s i n g  t e t r a -
m e t h y l s i l a n e  a s  an i n t e r n a l  s t a n d a r d .  S p i n  m u l t i p l i c i t i e s
a r e  i n d i c a t e d  by t h e  s y m b o l s :  s ( s i n g l e t ) ,  d ( d o u b l e t ) ,  dd
13( p a i r  o f  d o u b l e t )  and m ( m u l t i p l e t ) .  C NMR c h e m i c a l  
s h i f t s  ( 6 ) a l s o  a r e  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  (ppm) ;  
t h e  a p p e a r a n c e  p e a k s  o f  d e u t e r a t e d  s o l v e n t  a r e  u s ed  a s  
i n t e r n a l  r e f e r e n c e .  For  i n s t a n c e ,  77 ppm was u s ed  a s  
s t a n d a r d  when c h l o r o f o r m - d  was u se d  a s  t h e  s o l v e n t .
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V i s c o s i t i e s  o f  p o l y me r s  were  me as u r e d  i n  a U b b e l o h d e-  
t y p e  v i s c o m e t e r ,  Cannon No. 50M45, a t  30 °C + 0 . 0 5  °C i n  a 
c o n s t a n t  t e m p e r a t u r e  b a t h ,  Cannon Model  M - l .  S o l v e n t  
f i l t e r e d  t h r u  Whatman n o . l  q u a l i t a t i v e  f i l t e r  p a p e r  was 
u s e d .  I n t r i n s i c  v i s c o s i t i e s  o f  p o l y m e r s  were  r e p o r t e d ;  
s p e c i f i c  v i s c o s i t i e s  were  c a l c u l a t e d  f rom t h e  f o l l o w i n g  
e q u a t i o n s  and a p l o t  o f  T| Sp/Q vs  c was e x t r a p o l a t e d  t o  
z e r o  c o n c e n t r a t i o n .
 ^ ^  s p / c   ^ c=0
( t  -  t  ) / t  o o
e f f l u x  t i m e  o f  po l ymer  s o l u t i o n
e f f l u x  t i m e  o f  p u r e  s o l v e n t  
c o n c e n t r a t i o n  o f  po l ymer  ( g / d l )
The r e d u c e d  s p e c i f i c  v i s c o s i t i e s  ( T| re( j )  were  
c a l c u l a t e d  by comp ar in g  t h e  t i m e  t a k e n  f o r  t h e  po lymer  
s o l u t i o n  t o  f l o w  i n  a v i s c o m e t e r  w i t h  t h e  t i m e  t a k e n  f o r  t h e  
p u r e  s o l v e n t s  a s  shown by t h e  f o l l o w i n g  e q u a t i o n :
11 r e d  = t ( t  -  t o ) / t o ] ( l / c )
E l e m e n t a l  A n a l y s e s  were  p e r f o r m e d  by Mic Anal  O r g a n i c  
M i c r o a n a l y s i s ,  T uc s o n ,  A r i z o n a .
2 . 6 . 1  M a t e r i a l s :
R e a g e n t s  and S o l v e n t s  o f  c o m m e r c i a l  r e a g e n t  g r a d e  were 
us ed  i n  a l l  s y n t h e s e s  d e s c r i b e d  h e r e i n .  When s p e c i a l  p u r i t y  
or  d r y n e s s  was n e c e s s a r y ,  me thods  d e s c r i b e d  i n  " P u r i f i c a t i o n
i n ]
where  _T1 sp
t
t oc
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80
of  L a b o r a t o r y  C h e m i c a l s " ,  by P e r r i n  e t  a l . ^  were  u s e d .
P r e p a r a t i o n  of  p o l y f o x y - 1 . 4 - p h e n y l e n e s u l f o n y l - 1 . 4 -  
p h e n v l e n e o x v - ( 2 - n i t r o ) - 1 . 4 - p h e n v l e n e - ( l - m e t h y l e t h v l i d e n e ) -  
( 2 - n i t r o ) - l . 4 - p h e n y l e n e 1. 4 .
A m o d i f i c a t i o n  o f  t h e  method r e p o r t e d  by C r i v e l l o  e t  
a l . ^ ,  f o r  n i t r a t i o n  o f  a r o m a t i c  r i n g  c o n t a i n i n g  
c o m p o s i t i o n s  was u s e d .  I n t o  a 100 ml r e s i n  f l a s k  e q u i p p e d  
w i t h  a r e f l u x  c o n d e n s e r ,  m a g n e t i c  s t i r r e r ,  n i t r o g e n  i n l e t  
and d r y i n g  t u b e  were  p l a c e d  4 . 4 3  g ( 0 . 0 1  e q . )  p o l y s u l f o n e ,
1 , 1 . 6  g ( 0 . 0 2  mol)  o f  NH^NOg* 70 ml o f  c h l o r o f o r m ,  and
1 4 . 7  g ( 0 . 0 7  mol)  o f  t r i f l u o r o a c e t i c  a n h y d r i d e  (TFAA).  The 
r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  15 h r s .  
A f t e r  r e d u c i n g  t h e  r e a c t i o n  volume t o  30 ml ,  n i t r a t e d  
p o l y s u l f o n e  was p r e c i p i t a t e d  by p o u r i n g  t h e  r e a c t i o n  m i x t u r e  
i n t o  m e t h a n o l ,  and t h e n  was f i l t e r e d ,  washed w i t h  w a t e r  and 
d r i e d  f o r  24 h r s  i n  v a c u o . A f t e r  r e p r e c i p i t a t i o n  f rom 
d i c h l o r o m e t h a n e  i n t o  m e t h a n o l  and d r y i n g  i n  vacuo a t  35 °C 
f o r  24 h o u r s ,  5 . 0 8  g (95 .3%)  o f  n i t r a t e d  p o l y s u l f o n e ,  4 , 
was o b t a i n e d ,  [ T\ ] DMS0 = ° * 38 d l /g*
*H NMR (DMSO-dg) : 6  1 . 7 8  ( s ,  2-CH3 ) ;  7 . 2 2  (d., Ar-H
meta  t o  -SO 2 - ) ;  7 . 3 6  (d ,^ Ar-H meta  t o  - C ^ H ^ ^ ) ;  7 . 6 6  (_d, 
Ar-H. o r t h o  t o  - C ^ H ^ ^ ) ;  8 .0 1  (t l ,  Ar-H. o r t h o  t o  -SO 2 - ) ; and
8 . 0 7  ppm (s ., Ar-H o r t h o  t o  -NO2 ) .  NMR (DMS0-dg) : 6
2 9 .7  (2-CH3 ) ;  4 2 . 5  (CH3-C-CH3 ) ;  1 1 7 . 8 ,  1 2 3 . 2 ,  1 2 3 . 5 ,  1 2 9 . 9 ,
1 3 3 . 9 ,  1 3 5 . 9 ,  1 4 1 . 4 ,  1 4 5 . 0 ,  1 4 7 . 0 ,  and 1 6 0 . 4  ppm ( a r o m a t i c
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C) .  IR ( f i l m )  : 3096 ,  3071 ,  2974,  2880 (C-H s t r e t c h i n g ) ;  
1587,  1487 ( a r o m a t i c  i n - p l a n e  r i n g  bend s t r e t c h  mode s ) ;  1531 
( n i t r o ) ;  1348 ( a n t i s y m  SO2 ) ;  1252 ( a r y l - 0 - a r y l ) ;  1151,  and 
1107 cm  ^ (sym SO2 ) .
A n a l .  C a l c d .  f o r  C27H20N20S : C, 6 0 . 9 ;  H, 3 . 7 9 ;  N, 
5 . 2 6 ;  0 ,  2 4 . 0 3 ;  S,  6 . 0 2 .  A n a l .  Found : C, 6 0 . 2 0 ;  H, 3 . 7 8 ;
N, 5 . 2 9 .  E l e m e n t a l  a n a l y s i s  i n d i c a t e s  t h a t  2 -NO2  g r o u p s  
were  i n t r o d u c e d  i n t o  r e p e a t i n g  u n i t .
P r e p a r a t i o n  o f  2 . 2 - b i s T 4 - ( 4 - p h e n v l s u l f o n v l p h e n o x y ) - p h e n v l 1  
p r o p a n e .  1 0 .
A m o d i f i c a t i o n  o f  t h e  method r e p o r t e d  by J o h n s o n  e t
6 2a l .  , was u s ed  t o  p r e p a r e  p o l y s u l f o n e ,  1 .  I n t o  a 500 ml 
f o u r  neck  r e s i n  k e t t l e ,  f i t t e d  w i t h  a m e c h a n i c a l  s t i r r e r ,  an 
a r g o n  i n l e t ,  a t o t a l  r e f l u x  p h a s e  s e p a r a t i n g  head ( Dean-  
S t a r k  T r ap  a p p a r a t u s  ) c o n n e c t e d  w i t h  a c o n d e n s e r  and a 
t h e r m o m e t e r ,  was p l a c e d  20 g ( 0 . 0 8 7  mole )  h i g h  p u r i t y  
b i s p h e n o l - A ,  [ 2 , 2 1- b i s ( 4 - h y d r o x y p h e n y l ) p r o p a n e ] ,  2 , 100 ml 
o f  d i m e t h y l s u l f o x i d e  (DMS0),  and 200 ml o f  t o l u e n e .  A f t e r  
s t i r r i n g  t o  d i s s o l v e  t h e  b i s p h e n o l - A  i n t o  DMS0, 2 9 . 7  ml 
( 0 . 1 7 5 )  o f  5 . 9  N a q u e o u s  sodium h y d r o x i d e  were  a d d e d ,  and 
t h e  a r g o n  s p a r g e d  m i x t u r e  was b r o u g h t  t o  r e f l u x .  Water  was 
removed by a z e o t r o p i c  d i s t i l l a t i o n  w i t h  t o l u e n e  f rom t h e  
s y s t e m ,  t h e  t o l u e n e  t h a t  c o d i s t i l l e d  b e i n g  r e t u r n e d  
c o n t i n u o u s l y .  When i t  a p p e a r e d  t h a t  no a d d i t i o n a l  w a t e r  was 
b e i n g  c o l l e c t e d ,  t o l u e n e  was removed f rom t h e  s y s t e m  by
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d i s t i l l a t i o n .  The t e m p e r a t u r e  o f  t h e  c o n t e n t s  was r a i s e d  t o  
120 °C,  and t h e  d i s o d i u m  s a l t  o f  b i s p h e n o l - A  a p p e a r e d  a s  a 
p r e c i p i t a t e .  T o l u e n e  was c o n t i n u o u s l y  d i s t i l l e d  f rom t h e  
s y s t e m  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x t u r e  r e a c h e d  
155-160  °C.  At t h i s  p o i n t ,  t h e  w h i t e  p r e c i p i t a t e  
r e d i s s o l v e d  i n  DMSO.
A s o l u t i o n  o f  4 4 . 3  g ( 0 . 1 7 5  mole )  o f  p u r i f i e d  
c h l o r o p h e n y l  p h e n y l  s u l f o n e ,  11 , i n  200 ml o f  t o l u e n e  
m a i n t a i n e d  a t  100 °C was added  v i a  t h e  h e a t e d  d r o p p i n g  
f u n n e l  o v e r  a p e r i o d  o f  10 m i n u t e s .  The e x c e s s  t o l u e n e  was 
a l l o w e d  t o  d i s t i l l  a t  a r a t e  s u f f i c i e n t  t o  h o l d  t h e  r e a c t i o n  
t e m p e r a t u r e  a t  160 °C.  The s y s t e m  was m a i n t a i n e d  a t  160 °C 
f o r  an h o u r .
The v i s c o u s  s o l u t i o n  was t h e n  c o o l e d  t o  room 
t e m p e r a t u r e ,  and was p ou re d  i n t o  2 l i t e r s  o f  c o l d  w a t e r .
The s u s p e n d e d ,  s l i g h t l y  brown s o l i d  was c o l l e c t e d  by s u c t i o n  
f i l t r a t i o n ,  and washed  i n  t h e  f o l l o w i n g  s e q u e n c e s  : 1 l i t e r  
c o l d  w a t e r ,  500 ml 0 . 2  N NaOH, 2 l i t e r s  c o l d  w a t e r ,  and 1 
l i t e r  o f  95% c o l d  e t h a n o l .  A f t e r  r e c r y s t a l l i z a t i o n  f rom 
b e n z e n e ,  4 1 . 6  g (72%) o f  c a p p ed  b i s p h e n o l - A ( c a p p e d - B P A ) ,
10 , m . p .  = 188-189  °C,  was o b t a i n e d .
NMR (CDC13 ) : 5  1 . 7  ( s ,  2-CH3 ) ;  6 . 9 3 ,  7 . 0 0 ,  7 . 2 4 ,
7 . 5 1  ( A r - H ) ;  and 7 . 8 5 - 7 . 9 5  ppm (in, Ar-H. o r t h o  t o  - S 0 2 ) .
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P r e p a r a t i o n  o f  2 , 2 - b i s f  3 - n i t r o - 4 - ( 4 - p h e n v l s u l f o n v l  p h e n o x v t -  
p h e n y l 1 p r o p a n e . 1 2 .
The p r o c e d u r e  was e s s e n t i a l l y  t h e  same a s  p r e v i o u s l y  
d e s c r i b e d .  A s o l u t i o n  o f  c a p p e d - b i s p h e n o l - A ,  10 , 4 . 9 6  g 
( 0 . 0 0 7 5  mole )  i n  70 ml o f  c h l o r o f o r m  was b l e n d e d  w i t h  -1.20 g 
( 0 . 0 1 5  mole )  o f  ammonium n i t r a t e  (NH^NO^) and 1 2 . 6  g o f  
t r i f l u o r o a c e t i c  a n h y d r i d e  (TFAA) i n  a 100 ml f l a s k .  The 
m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  5 h o u r s .  A f t e r  
r e d u c i n g  t h e  r e a c t i o n  volume t o  30 ml ,  n i t r a t e d  c a p p e d -  
b i s p h e n o l - A ,  12 , was p r e c i p i t a t e d  by p o u r i n g  t h e  r e a c t i o n  
m i x t u r e  i n t o  m e t h a n o l ,  which  was t h e n  f i l t e r e d ,  washed w i t h  
w a t e r  and d r i e d  i n  vacuo  a t  35 °C f o r  24 h o u r s .  4 . 5 3  g 
(80%) of  n i t r a t e d  c a p p e d - b i s p h e n o l - A ,  12 , m. p .  = 105-106  
°C,  was o b t a i n e d .
1U NMR (DMSO-dg) : 6  1 . 7 8  ( s ,  2-CH.3 ) ;  7 . 2 3  ( d ,  Ar-H 
meta  t o  -SO 2 - ) ;  7 . 3 5  (id, Ar-H meta  t o  - ( ^ ( C H g ^ ) ;  7 . 6 4  (jd, 
Ar-I! o r t h o  t o  - ( ^ ( C H g ^ ) ;  7 . 6 8  ({[, Ar-Il  meta  t o  SO2 - ) ;  8 . 0 0  
(Ar-H., o r t h o  t o  -SO 2 ) ;  8 . 0 4  (in, Ar-JH p a r a  t o  -SO 2 ) ;  and 8 . 0 8  
ppm (s. ,  Ar-H_ o r t h o  t o  -N02 ) .  NMR (DMS0-dg) : 6  2 9 . 7
(2-CH3 ) ;  4 2 . 5  ( CH3~C-CH3 ) ; 1 1 7 . 9 ,  1 2 3 . 2 ,  1 2 3 . 5 ,  1 2 7 . 2 ,  
1 2 9 . 7 ,  1 3 0 . 0 ,  1 3 3 . 6 ,  1 3 3 . 9 ,  1 3 5 . 8 ,  1 4 1 . 2 ,  1 4 1 . 4 ,  1 4 5 . 0 ,
1 4 7 . 0  and 1 6 0 . 4  ppm ( a r o m a t i c  C ) . IR (KBr)  : 1587,  1487
( a r o m a t i c  i n - p l a n e  r i n g  bend s t r e t c h  m o d e s ) ;  1 5 3 3 ( n i t r o ) ;  
1348 ( a n t i s y m  SO2  s t r e t c h ) ;  1246 ( a r y l - 0 - a r y l ) ; 1153,  and 
1107 cm * (sym SO2  s t r e t c h ) .
A na l .  Found : C, 5 9 . 5 7 ;  H, 3 . 9 2 ;  N, 3 . 2 8 .  E l e m e n t a l
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a n a l y s i s  i n d i c a t e s  t h a t  1 . 8  NO2  g r o u p s / r e p e a t  u n i t  were 
i n t r o d u c e d .
P r e p a r a t i o n  o f  2 . 2 1- b i s ( 4 - h v d r o x v - 3 - m e t h y l p h e n v l ) p r o p a n e . 8 .
The m e t h y l a t e d  b i s p h e n o l - A  was s y n t h e s i s  u s i n g  t h e
72p r o c e d u r e  r e p o r t e d  by Losev and c o w o r k e r s  . A m i x t u r e  o f
5 1 . 6  ml ( 0 . 5  mole )  o - c r e s o l  and 7 . 4  ml ( 0 . 1  mol e )  a c e t o n e  
was s a t u r a t e d  w i t h  a n h y d r o u s  h y d r o g e n  c h l o r i d e  f o r  2 h o u r s .  
The m i x t u r e  was s t i r r e d  f o r  1 h o u r  and t h e n  k e p t  a t  room 
t e m p e r a t u r e  f o r  5 d a y s .  The 2 , 2 1- b i s ( 4 - h y d r o x y - 3 -  
m e t h y l p h e n y l ) p r o p a n e  formed was f i l t e r e d  o f f  and 
r e c r y s t a l l i z e d  f rom d i l u t e  a c e t i c  a c i d .  A f t e r  
r e c r y s t a l l i z a t i o n  3 3 . 6 5  g (65 .6%)  m e t h y l a t e d  b i s p h e n o l - A ,
8 , m. p .  138-140  °C [ l i t .  m . p . =1 3 6  ° C ] ,  was o b t a i n e d .
NMR (CDC13 60MHz ) : 6  1 . 54  ( s ,  2-CHg);  2 . 0 9  (s .,
2-Ar-C]I3 ) ;  6 . 7  (Ar-H o r t h o  t o  -OH);  7 . 9  (Ar-H o r t h o  t o  
-C(CH3 ) 2 ) 5 and 8 . 2  ppm (s_, Oil).
P r e p a r a t i o n  o f  p o l y T o x v - l . 4 - p h e n y l e n e s u l f o n y l - 1 . 4 -  
p h e n y l e n e o x y - ( 2 - m e t h v l ) - l , 4 - p h e n y l e n e - ( l - m e t h v l e t h y l i d e n e ) -  
( 3 - m e t h v l ) - l . 4 - p h e n v l e n e 1 . 9 .
The po l ymer  was s y n t h e s i z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  
o f  McGrath e t  a l . " ^  u s i n g  a m i x t u r e  o f  m e t h y l a t e d  b i s ­
p h e n o l - A ,  8 , 1 . 2 8  g ( 5 . 0  mmole) ,  4 , 4 1- d i c h l o r o d i p h e n y l -  
s u l f o n e ,  3 , 1 . 4 4  g ( 5 . 0  mmole) i n  8 . 2 5  ml o f  NMP and 
3 . 7 5  ml o f  t o l u e n e .  Powdered a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,
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0 . 7 3  g ( 5 . 2 5  mmole) was used  t o  form t h e  b i s p h e n o l a t e  s a l t  
and a t o l u e n e  w a t e r  a z e o t r o p e  removed t h e  w a t e r  f rom t h e  
r e a c t i o n ;  p o l y m e r i z a t i o n  was c o m p l e t e d  a t  170 °C f o r  5 h r .  
A f t e r  r e p r e c i p i t a t i o n  o f  m e t h y l a t e d  p o l y s u l f o n e  f rom 
c h l o r o f o r m  i n t o  m e t h a n o l  and d r y i n g  i n  v a c u o . 1 . 77  g (75.3%)  
o f  m e t h y l a t e d  p o l y s u l f o n e ,  9 , w i t h  [ T) ] CHClg = 0 . 4 1  d l / g  
was o b t a i n e d .
1E NMR (CDC13 ) : 6  1 . 6 9  ( s ,  2-CH.3 ) ;  2 . 1 1  ( s ,  2 - A r -
CH.3 ) !  6 . 8 4  (d^ Ar-Il  meta  t o  - S 0 2 ) ;  6 . 9 1  (d_, Ar-H meta  t o  
-C(CH3 ) 2 ) ;  7 . 0 6  (d., Ar-H o r t h o  t o  -C(CH3 ) 2 ) ;  7 . 0 6  (d., Ar-H 
o r t h o  t o  -C(CH3 ) 2 ) ;  7 . 1 4  (_s, Ar-Il  o r t h o  t o  CH3 ) ;  and 7 . 8 4  
ppm ( ! ,  Ar-H o r t h o  t o  - S 0 2 ) .  13C NMR (CDClg) : 6  1 6 . 3  ( 2 -
CH3 ) ;  3 0 . 9  ( CH3 -C-CH3 ) ;  4 2 . 5  (CH3 -C-CH3 ) ;  1 1 6 . 5 ,  1 2 0 . 3 ,
1 2 5 . 9 ,  1 2 9 . 7 ,  1 3 0 . 0 ,  1 3 4 . 9 ,  1 4 7 . 6 ,  1 5 0 . 4  and 1 6 2 . 0  ppm 
( a r o m a t i c  C) .  IR ( f i l m )  : 3094 ,  3067 ,  3032 ,  2968,  2926,
2874 (C-H s t r e t c h i n g ) ;  1587,  1489 ( a r o m a t i c  i n - p l a n e  r i n g  
b e n d - s t r e t c h  modes ) ;  1325 ( a n t i s y m  S0 2  s t r e t c h ) ;  1253 ( a r y l -  
0 - a r y l ) ;  1153,  and 1107 cm  ^ (sym S0 2  s t r e t c h ) .
P r e p a r a t i o n  o f  2 . 2 ' - b i s \ 3 - m e t h y l - 4 - ( 4 - p h e n v l s u l f o n v l  
p h e n o x y ) - p h e n y l 1 p r o p a n e . 1 3 .
The p r o c e d u r e  was e s s e n t i a l l y  t h e  same a s  p r e v i o u s l y  
d e s c r i b e d  u s i n g  a m i x t u r e  o f  m e t h y l a t e d  b i s p h e n o l - A ,  8 ,
1 . 6 0  g ( 6 . 2 5  mmole) and c h l o r o p h e n y l  p h e n y l  s u l f o n e ,  11 , 
3 . 1 6  g ( 1 2 . 5  mmole) i n  10 ml o f  NMP and 4 . 5  ml o f  t o l u e n e .  
Powdered a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  0 . 9 0  g ( 6 . 2 6  mmole) ,
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was us ed  t o  formed t h e  b i s p h e n o l a t e  s a l t  and a t o l u e n e  w a t e r  
a z e o t r o p e  removed t h e  w a t e r  f rom t h e  r e a c t i o n ;  r e a c t i o n  was 
c o m p l e t e d  a t  170 °C f o r  4 h r .  A f t e r  r e c r y s t a l l i z a t i o n  of  
m e t h y l a t e d  capped  b i s p h e n o l - A  f rom e t h a n o l  and d r y i n g  
i n  v a c u o . 3 . 4  g (79%) of  m e t h y l a t e d  capped  b i s p h e n o l - A ,  13 , 
was o b t a i n e d .
NMR (CDC13 ) : 6  1 . 6 8  ( s ,  2-CH.3 ) ;  2 . 11  ( s ,  2 - A r -
CH^); 6 . 8 4  (d_, Ar-H o r t h o  t o  - 0 - ) ;  6 . 9 2  (d^ Ar-H meta  t o
-C(CH3 ) 2 ) ; 7 . 0 6  (d^ Ar-]£ o r t h o  t o  -C(CH3 ) 2 ) ;  7 . 1 4  (s^, Ar-H. 
o r t h o  t o  -CH3 ) ;  7 . 5 0  ( d_, Ar-H. meta  t o  - S 0 2~ ) ;  7 . 8 6  (d., Ar-JH
o r t h o  t o  - S 0 2~ ) ;  and 7 . 9 3  (d., Ar-H p a r a  t o  - S 0 2~ ) .  NMR
(CDC13 ) : 6 16 .3  (2-CH3 ) ;  3 0 . 9  (CH3-C-CH3 ) ;  4 2 . 3  (CHg-C-
CH3 ) ;  1 1 6 . 5 ,  1 2 0 . 2 ,  1 2 5 . 9 ,  1 2 7 . 4 ,  1 2 9 . 2 ,  1 2 9 . 7 ,  1 2 9 . 9 ,
1 3 0 . 0 ,  1 3 2 . 9 ,  1 3 4 . 4 ,  1 4 2 . 1 ,  1 4 7 . 7 ,  1 5 0 . 4 ,  and 1 62 . 2  ppm 
( a r o m a t i c  C) . IR (KBr) : 1585,  1489 ( a r o m a t i c  i n - p l a n e
r i n g  bend s t r e t c h  modes ) ;  1321 ( a n t i s y m  S02 s t r e t c h ) ;  1253 
( a r y 1 - 0 - a r y l ) ; 1153 and 1107 cm  ^ (sym S02 ) s t r e t c h ) .
2 . 6 . 2  D e g r a d a t i o n  Measurement
P o l y s u l f o n e  and b i s p h e n o l - A  were  o b t a i n e d  from 
c o m m e r c i a l  s o u r c e s  and were  p u r i f i e d  p r i o r  t o  u s e .  N i t r a t e d  
and m e t h y l a t e d  p o l y s u l f o n e  and t h e  c o r r e s p o n d i n g  model  
compound,  n i t r a t e d  and m e t h y l a t e d  capped-BPA were  p r e p a r e d  
by t h e  p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y .  Co mm e r c i a l l y  
a v a i l a b l e  25% sodium m e t h o x i d e  (NaOMe) was u s e d .  Non­
s t a b i l i z e d  t e t r a h y d r o f u r a n  (THF) was d r i e d  o v e r  sodium 
b e nzophenone  k e t y l  and d i s t i l l e d  p r i o r  t o  u s e .
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The f o l l o w i n g  g e n e r a l  p r o c e d u r e  was used  t o  o b t a i n  t h e
d e g r a d a t i o n  d a t a .  The d e s i r e d  amount  o f  p o l y m e r s  and model
compounds f o r  p r e p a r i n g  250 ml o f  a p p r o x i m a t e l y  6 . 5 0  -  8 . 7 5  
- 4x 10 M s o l u t i o n  were  we ighed  ( t o  t h e  n e a r e s t  0 . 1  mg) i n t o
a 250 ml v o l u m e t r i c  f l a s k  and d i s s o l v e d  w i t h  THF t o  t h e
e x a c t  vo lume .  A s o l u t i o n  o f  100 ml 0 . 0 9 3  N NaOMe was a l s o
p r e p a r e d  i n  a 100 ml v o l u m e t r i c  f l a s k  by u s i n g  2 ml o f  25 %
NaOMe and d i l u t e d  w i t h  f r e s h l y  opened  a b s o l u t e  m e t h a n o l .
The d e g r a d a t i o n  o f  t h e  p o l y m e r s  and model  compounds
were p e r f o r m e d  by p i p e t t i n g  1 . 0  ml o f  0 . 0 9 3  N NaOMe s o l u t i o n
i n t o  a 25 ml E r l e n m e y e r  f l a s k  f i t t e d  w i t h  a g r ound  g l a s s
j o i n t  c o n t a i n i n g  6 ml o f  t h e  p o l y m e r s  o r  model  compounds .
At l e a s t  25 i n d i v i d u a l  s o l u t i o n s  were  p r e p a r e d  f o r  each
sampl e  t o  be meas ur ed  a t  an a p p r o p r i a t e  i n t e r v a l .  The f i n a l
c o n c e n t r a t i o n s  o f  t h e  s p e c i e s  were  t h e  f o l l o w i n g  : [NaOMe] =
0 . 0 1 3  N; [ P o l y m e r ]  or  [Model  Compound] a p p r o x i m a t e l y  = 5 . 5  -  
- 47 . 5  x 10 M. A l l  d a t a  o b t a i n e d  u n d e r  c o n d i t i o n s  o f  [NaOMe] 
c o n c e n t r a t i o n  g r e a t e r  t h a n  [ P o l ym e r ]  o r  [Model  Compound] 
c o n c e n t r a t i o n .  At a p p r o p r i a t e  i n t e r v a l s ,  a l i q u o t s  ( 3 . 0  ml)  
were  removed w i t h  a p i p e t  and i m m e d i a t e l y  t r a n s f e r r e d  t o  a 1 
cm o r  1 mm q u a r t z  c e l l  t o  r e c o r d  t h e  c h a n g e s  i n  t h e  s p e c t r a  
o f  t h e  po l ymer  o r  model  compounds .
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3 .1  I n t r o d u c t i o n
The u t i l i z a t i o n  o f  s y n t h e t i c  p o l y m e r s  formed by t h e  
i n c o r p o r a t i o n  of  c a t a l y t i c a l l y  a c t i v e  f u n c t i o n a l  g r o u p s  i n t o  
a po lymer  m o l e c u l e  t o  c han ge  t h e  r e a c t i v i t i e s  o f  t h e  
c o r r e s p o n d i n g  low m o l e c u l a r  w e i g h t  c a t a l y t i c a l l y  a c t i v e  
g r o u p s  h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n ^ ®  ’ ^  . These  
s y s t e m s  a r e  o f  i n t e r e s t  b e c a u s e  o f  t h e  a n a l o g i e s  which  mi gh t  
be drawn w i t h  e n z y m a t i c  p r o c e s s e s ,  and a l s o  b e c a u s e  o f  t h e  
o b v i o u s  i n t e r e s t  i n  t h e  u n u s u a l  r e a c t i v i t i e s  o f  p o l y m e r s  as  
compared  t o  t h e i r  low m o l e c u l a r  w e i g h t  a n a l o g s .
The r e a c t i o n s  o f  s y n t h e t i c  p o l y m e r s  t o wa rd  low 
m o l e c u l a r  w e i g h t  compounds a r e  g e n e r a l l y  c l a s s i f i e d  i n t o  two 
d i f f e r e n t  t y p e s .  One c o n s i s t s  i n  t h e  u t i l i z a t i o n  o f  a 
po lymer  s u r f a c e  a s  t h e  s i t e  f o r  a d s o r p t i o n  o f  r e a c t i v e  
monomer ic  s p e c i e s .  The o t h e r  t y p e  c o n s i s t s  i n  t h e  
c a t a l y t i c a l l y  a c t i v e  s i t e  b e i n g  a c o v a l e n t  p a r t  o f  t h e  
po l ymer  s p e c i e s .
I n  t h e  f i r s t  t y p e ,  i f  two low m o l e c u l a r  w e i g h t  i o n i c  
s p e c i e s  a r e  t h e  r e a c t i v e  r e a g e n t s ,  a po l ymer  w i t h  c h a r g e d  
g r o u p s  w i l l  t e n d  t o  c o n c e n t r a t e  and /  o r  r e p e l  one o r  b o t h  
low m o l e c u l a r  w e i g h t  r e a g e n t s  i n  i t s  v i c i n i t y  and 
c o n s e q u e n t l y ,  w i l l  f u n c t i o n  a s  e i t h e r  an i n h i b i t o r  o r  an 
a c c e l e r a t o r  o f  t h e  r e a c t i o n .  T h i s  t y p e  o f  p o l yme r  h a s  n o t  
been found  t o  a l t e r  t h e  r e a c t i o n  o f  n e u t r a l  s u b s t r a t e .  The 
e nh an c ed  or  i n h i b i t e d  c a t a l y t i c  a c t i o n s  o f  p o l y e l e c t r o l y t e s  
l a c k i n g  c a t a l y t i c a l l y  a c t i v e  f u n c t i o n a l i t y  on t h e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
r e a c t i v i t i e s  o f  s i m i l a r l y  a n d / o r  o p p o s i t e l y  c h a r g e d  low
m o l e c u l a r  w e i g h t  r e a g e n t s  h a s  been  i n v e s t i g a t e d  by s e v e r a l
r e s e a r c h e r s ^  8 4 .
R e a c t i o n s  which  i n v o l v e  p o l y m e r s  which  p o s s e s s  t h e
c a t a l y t i c  s p e c i e s  a s  a c o v a l e n t  p a r t  o f  t h e i r  s t r u c t u r e s  a r e
more c l o s e l y  r e l a t e d  t o  e n z y m a t i c  s y s t e m s ,  s i n c e  t h e  c h a r g e d
g r o u p s  can  s e r v e  a s  e l e c t r o s t a t i c  b i n d i n g  s i t e s ,  t h e r e b y
a c c u m u l a t i n g  a s u b s t r a t e  i n  a h i g h  l o c a l  c o n c e n t r a t i o n  of
c a t a l y t i c a l l y  a c t i v e  s u b s t i t u e n t s .  For  e x a m p l e ,  i t  h a s  been
•found t h a t  s y n t h e t i c  p o l y m e r i c  s y s t e m s  can  be c h a r a c t e r i z e d
by ( a )  h i g h e r  r e a c t i v i t i e s  t h a n  c o r r e s p o n d i n g  monomer ic
s y s t e m s 8 5  * 8 8  , ( b )  s p e c i f i c  h y d r o l y s i s  o f  s u b s t r a t e s 8 ^ ’ 8 8 ,
( c )  c o m p e t i t i v e  i n h i b i t i o n  by compounds s i m i l a r  t o  t h e
89 90r e a c t i v e  s u b s t r a t e  ’ , ( d )  d i f u n c t i o n a l  c a t a l y s i s
i n v o l v i n g  t h e  i n t e r a c t i o n  o f  two p e n d a n t  f u n c t i o n a l  g r o u p s
. i . . 8 5 , 8 8 , 9 1 - 9 3  . , .and s u b s t r a t e  , and ( e )  s a t u r a t i o n
phenomena8 0 *8 1 ’ 8 9 *94- 9 5 .
T h r ee  ma jo r  f a c t o r s  which  i n f l u e n c e  t h e  c a t a l y t i c
a c t i v i t y  e n h a n c e m e n t s  and g e n e r a l l y  a s c r i b e d  t o  enzymes  have
been  d e f i n e d  : c o o p e r a t i v e  e f f e c t s ,  e l e c t r o s t a t i c  e f f e c t s ,
and h y d r o p h o b i c  e f f e c t s .
C o o p e r a t i v e  i n t e r a c t i o n s  be t ween  c a t a l y t i c a l l y
96f u n c t i o n a l  g r o u p s  have  been w e l l  document ed  
P o l y i m i d a z o l e s  have  been  d e m o n s t r a t e d  t o  be a m p h o t e r i c  
s p e c i e s  i . e .
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and e f f e c t i v e  i n  c a t a l y z i n g  e s t e r o l y s i s  i n  pH r a n g e s  f rom 7 
t o  10.  I n  t h i s  pH r a n g e  t h e  i m i d a z o l e  s u b s t i t u e n t s  a r e  i n  
e q u i l i b r i u m  b e t w ee n  n e u t r a l  and a n i o n i c  s p e c i e s .
C o o p e r a t i v e  i n t e r a c t i o n s  i n v o l v i n g  n e u t r a l  and a n i o n i c  o r  
n e u t r a l  i m i d a z o l e  g r o u p s  have  been  s t u d i e d  e x t e n s i v e l y  o v e r  
t h e  l a s t  d e c a d e ^  106^ P o l y m e r s  c o n t a i n i n g  i m i d a z o l e  
g r o u p s ,  e . g . ,  p o l y ( 4 ( 5 ) - v i n y l i m i d a z o l e ) , were  f ound  t o  be 
b e t t e r  c a t a l y s t s  ( 2 -  x 3 -  f o l d )  t h a n  i m i d a z o l e  t o w a r d s  t h e  
h y d r o l y s i s  o f  a n e u t r a l  e s t e r  j ) - n i t r o p h e n y l a c e t a t e ( P N P A )  
when t h e  r e a c t i o n  was c a r r i e d  o u t  a t  h i g h  pH. T h i s  enh an c ed  
r e a c t i v i t y  was a t t r i b u t e d  t o  m u l t i p l e  c a t a l y s i s  by a 
c o m b i n a t i o n  o f  a n i o n i c  and n e u t r a l  i m i d a z o l e  g r o u p s  a l o n g  
t h e  ba ck bo n e  o f  t h e  p o l y m e r .  The d i s t a n c e  and r e l a t i v e  
c o n f o r m a t i o n  b e t we e n  i m i d a z o l e  g r o u p s  a r e  a p p a r e n t l y  
c r i t i c a l  f o r  c o o p e r a t i v e  i n t e r a c t i o n .  I t  was f ound  t h a t  
g r a f t  c o p o l y m e r s  o f  L - h i s t i d i n e  on p o l y e t h y l e n i m i n e  ( P E I )  
showed no c o o p e r a t i v e  i n t e r a c t i o n ^ " * . I t  h a s  been  p r o p o s e d  
t h a t  t h i s  i s  due t o  l a c k  o f  c l o s e  p r o x i m i t y  be t ween  
n e i g h b o r i n g  i m i d a z o l e  u n i t s .
The r o l e  o f  e l e c t r o s t a t i c  i n t e r a c t i o n s  i n  t h e
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c a t a l y t i c  a c t i v i t y  o f  s y n t h e t i c  p o l y me r s  ha s  a l s o  been 
e x t e n s i v e l y  i n v e s t i g a t e d ’ * ^ 7 . L e t s i n g e r  and S a v e r e i d e ® 7  
s t u d i e d  t h e  h y d r o l y s i s  o f  p o t a s s i u m  3 - n i t r o - 4 - a c e t o x y -  
b e n z e n e s u l f o n a t e  c a t a l y z e d  by p a r t i a l l y  p r o t o n a t e d  p o l y ( 4 -  
v i n y l p y r i d i n e ) i n  a pH r a n g e  i n  which  t h e  s u b s t r a t e  e x i s t e d  
e x t e n s i v e l y  a s  an a n i o n .  A b e l l - s h a p e d  p H - r a t e  p r o f i l e  was 
o b t a i n e d  w i t h  a maximum a t  pH 4 where  a p p r o x i m a t e l y  70-80% 
o f  t h e  p y r i d i n e  g r o u p s  were  i n  t h e  n e u t r a l  f o r m.  At pH 
v a l u e s  where  s i m i l a r  c o n c e n t r a t i o n s  o f  n e u t r a l  p y r i d i n e  
g r o u p s  were  p r e s e n t ,  p o t a s s i u m  3 - n i t r o - 4 - a c e t o x y b e n z e n e -  
s u l f o n a t e  was h y d r o l y z e d  9 . 3  t i m e s  more e f f i c i e n t l y  t h a n  
w i t h  t h e  model  s y s t e m s ,  p i c o l i n e .  Thus ,  t h e  p r o t o n a t e d  
p e n d a n t  p y r i d i n e  g r o u p s  a p p a r e n t l y  s e r v e d  a s  b i n d i n g  s i t e s  
f o r  t h e  n e g a t i v e l y  c h a r g e d  3 - n i t r o - 4 - a c e t o x y b e n z e n e s u l f o n a t e  
whose s o l v o l y s i s  were  c a t a l y z e d  by n e i g h b o r i n g  n e u t r a l  
p y r i d i n e  g r o u p s .
I t  i s  o n l y  i n  r e c e n t  y e a r s  t h a t  t h e  i m p o r t a n c e  o f  
a p o l a r  o r  h y d r o p h o b i c  i n t e r a c t i o n s  t o  e n z y m a t i c  and 
s y n t h e t i c  c a t a l y s t s  h a s  been  r e c o g n i z e d .  A p o l a r  b i n d i n g  i s  
p e r h a p s  t h e  mos t  i m p o r t a n t  f a c t o r  i n  o b t a i n i n g  r a t e  
e n h a n c e m e n t s  w i t h  p o l y m e r i c  c a t a l y s t s ,  e s p e c i a l l y  i n  a 
a q u e o u s  e n v i r o n m e n t .  R e s u l t s  by O v e r b e r g e r  and 
c o w o r k e r s ^ ' ^ ’ ^ ^  s t r o n g l y  s u p p o r t  such  a p o s s i b i l i t y .  The 
s o l v o l y t i c  k i n e t i c  s t u d i e s  o f  £ - n i t r o p h e n y l a c e t a t e  and 
£ - n i t r o p h e n y l h e p t a n o a t e  c a t a l y z e d  by p o l y ( 4 ( 5 ) - v i n y l -  
i m i d a z o l e )  and i m i d a z o l e  a s  a f u n c t i o n  o f  t e m p e r a t u r e ,  pH, 
and t h e  e t h a n o l - w a t e r  c o m p o s i t i o n  o f  t h e  s o l v e n t  have  been
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9 7i n v e s t i g a t e d  by O v e r b e r g e r  and Morimoto r e c e n t l y  . I t  was 
found  t h a t  t h e  c o n f o r m a t i o n  o f  t h e  po lymer  c h a i n  of  
p o l y ( 4 ( 5 ) - v i n y l i m i d a z o l e )  was d r a m a t i c a l l y  a f f e c t e d  by t h e  
e t h a n o l - w a t e r  c o m p o s i t i o n  and by t h e  d e g r e e  o f  
n e u t r a l i z a t i o n  o f  t h e  p e n d a n t  i m i d a z o l e  r e s i d u e s .  The 
c a t a l y t i c  a c t i v i t y  o f  p o l y ( 4 ( 5 ) - v i n y l i m i d a z o l e )  t o w a r d s  t he  
n e u t r a l  s u b s t r a t e  j ) - n i t r o p h e n y l a c e t a t e  i n  b u f f e r  s o l u t i o n s  
o f  h i g h  and low e t h a n o l  c o m p o s i t i o n s  a t  pH c a .  8  was 
enhanc ed  due t o  t h e  i n c r e a s e d  b i f u n c t i o n a l  c a t a l y s i s  w i t h  
t h e  s h r i n k a g e  o f  t h e  po lymer  i n  s o l u t i o n .  The s o l v o l y s i s  o f  
£ - n i t r o p h e n y l h e p t a n o a t e  i n  pH c a .  8  b u f f e r  s o l u t i o n s  o f  low 
e t h a n o l  c o m p o s i t i o n  was e nh an c ed  due t o  an i n c r e a s e d  
a c c u m u l a t i o n  o f  s u b s t r a t e  i n  t h e  po lymer  domain by t h e  
h y d r o p h o b i c  i n t e r a c t i o n s  be tween  t h e  po l ymer  and t h e  
s u b s t r a t e .
S e v e r a l  m o l e c u l e s  s t u d i e d  t o  d a t e  s e r v e  a s  mode l s  f o r
108c e r t a i n  p r o t e o l y t i c  enzymes  , s uch  a s ,  O t - c h y m o t r y p s i n ,
t r y p s i n ,  p a p a i n ,  f i c i n ,  and £ - g a l a c t o s i d a s e . However ,  o n l y
109l i m i t e d  i n v e s t i g a t i o n s  have  been c a r r i e d  o u t  u t i l i z i n g  
p o l y m e r s  c o n t a i n i n g  amine  f u n c t i o n a l  g r o u p s  a s  mode l s  f o r  
t h e  p r o t e o l y t i c  enzymes and o n l y  e s t e r o l y t i c  i n v e s t i g a t i o n s  
e x i s t  u t i l i z i n g  p o l y m e r s  c o n t a i n i n g  i m i d a z o l e  g r o u p s .  
T e r t i a r y  a m i n e s ,  f o r  e x a m p l e ,  1 , 4 - d i a z a b i c y c l o -
[ 2 . 2 . 2 ] o c t a n e  (DABCO), have  found  e x t e n s i v e  p r a c t i c a l  
a p p l i c a t i o n s ;  such  a s ,  i n  t h e  p r o d u c t i o n s  o f  p o l y u r e t h a n e s ,  
p o l y a m i d e s ,  and p o l y c o n d e n s e d  r e s i n s ,  e t c . ;  b u t  t h e  n a t u r e  
of  t h e i r  c a t a l y t i c  a c t i v i t y  h a s  s t i l l  n o t  been  c o m p l e t e l y
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e l u c i d a t e d * * * * ’ *** . No c a t a l y t i c  i n v e s t i g a t i o n s  e x i s t
u t i l i z i n g  DABCO g r o u p s  t o  p romot e  h y d r o l y s i s  o f  e s t e r s .
Thus ,  i t  seemed p e r t i n e n t  t o  o b t a i n  more i n f o r m a t i o n  a b o u t  
t h e  p o s s i b l e  e s t e r o l y t i c  h y d r o l y s i s  a c t i v i t i e s  o f  a po lymer  
c o n t a i n i n g  p e n d a n t  DABCO g r o u p s .  The s y n t h e s i s  o f  po lymer  
and monomer ic  compounds c o n t a i n i n g  p e n d a n t  DABCO g r o u p s ,  
i . e .  a monosubs t i t u t ed - DABCO p o l y s u l f o n e  s a l t  and mono- 
s u b s t i t u t e d - D AB C O  b e n z y l  s a l t ,  and a c o m p a r i s o n  o f  t h e  
e s t e r o l y t i c  a c t i v i t y  t o w a r d  t h e  s h o r t  c h a i n  n e u t r a l  e s t e r  
s u b s t r a t e ,  £ - n i t r o p h e n y l a c e t a t e ( P N P A ) , w i l l  be d i s c u s s e d .
3 . 2  R e s u l t s  and D i s c u s s i o n
3 . 2 . 1  S y n t h e s i s  S t u d i e s
C h l o r o m e t h y l a t e d  p o l y s u l f o n e  was p r e p a r e d  by u s i n g  a 
m i x t u r e  o f  c h l o r o m e t h y l  m e t h y l  e t h e r ,  2 0  , and m e t h y l a c e t a t e  
g e n e r a t e d  i n  s i t u  a s  shown i n  t h e  f o l l o w i n g  e q u a t i o n s :
ch3c o c i  + ch3oh
CH3 CH2 OCH3  + HC1 *■ CH3 0H + CH3 0CH2 C1 ( e q . 3 - 2 )
20
♦  HC1 + CH3 C00CH3  ( e q . 3 - 1 )
and o v e r a l l  r e a c t i o n  a s  shown i n  e q u a t i o n  3 - 3
c h 3c o c i  + c h 3 o c h 2 o c h 3
ch3oh
»• c h 3 o c h 2c i  + c h 3 c o o c h 3
20a  ( e q . 3 - 3 )
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The monosubs t i t u t ed - DABCO p o l y s u l f o n e ( PS F -D AB CO) , 23 ,
was p r e p a r e d  s u c c e s s f u l l y  by mi x i ng  a DMSO s o l u t i o n  o f
c h l o r o m e t h y l a t e d  p o l y s u l f o n e  ( 1 . 8  CI^Cl  p e r  r e p e a t  u n i t ) ,
21 , w i t h  DABCO, 22 , a t  room t e m p e r a t u r e  f o r  24 h o u r s  as
shown i n  Scheme 3 - 1 .  I n  p r i n c i p l e ,  c h l o r o m e t h y l a t e d
p o l y m e r s  can  be c r o s s - l i n k e d  u s i n g  a d i a m i n e .  An a t t e m p t  t o
p r e p a r e  c r o s s - l i n k e d  p o l y s u l f o n e  was made by mi x i ng  a s m a l l
amount  o f  DABCO w i t h  c h l o r o m e t h y l a t e d  p o l y s u l f o n e  i n  DMSO a t
room t e m p e r a t u r e  and h e a t i n g  t h e  s o l u t i o n  t o  50 °C f a i l e d  t o
p r o d u c e  an i n s o l u b l e  g e l .  A p p a r e n t l y ,  no c r o s s - l i n k i n g
112o c c u r r e d  u n d e r  t h e s e  c o n d i t i o n s  . S e v e r a l  k i n e t i c  r u n s  
were  made w i t h  d i f f e r e n t  r a t i o s  o f  -CI^ClsDABCO t o  c o n f i r m  
t h i s  o b s e r v a t i o n .  I t  was c o n c l u d e d  t h a t  t h e  s e c o nd  n i t r o g e n  
i n  DABCO i s  s i g n i f i c a n t l y  l e s s  a c t i v e  t h a n  t h e  f i r s t  
n i t r o g e n .
The u s u a l  p u r i f i c a t i o n  method by p r e c i p i t a t i n g  po lymer  
i n t o  n o n - s o l v e n t  c o u l d  n o t  be a p p l i e d  t o  t h i s  m o n o q u a t e r -  
n i z e d  p o l y m e r ,  23 .  The mos t  c o n v e n i e n t  way t o  p u r i f y  23 was 
t o  d i s t i l l  o f f  mos t  o f  t h e  s o l v e n t  and t o  remove t h e  r e s t  i n  
a vacuum o v e n .
Two f a c t o r s ,  t h e  p r e s e n c e  o f  w a t e r ,  and i n c o m p l e t e  
1 13c o n v e r s i o n ,  make H and C NMR s p e c t r a  o f  PSF-DABCO, 23 , 
e x t r e m e l y  c ompl ex ,  a s  shown i n  F i g u r e  3 -3  and F i g u r e  3 -4  
r e s p e c t i v e l y .  However ,  t h e  s p e c t r a  a r e  c o n s i s t e n t  w i t h  t h e  
b i n d i n g  o f  m o n o q u a t e r n a r y  h y d r a t e d  DABCO s a l t s  a t t a c h e d  t o  
t h e  po lymer  b a c k b o n e .  The p r e s e n c e  o f  bound w a t e r  can  be 
d e t e c t e d  f rom p r o t o n  NMR s p e c t r u m ,  i n  F i g u r e  3 - 3 ,  where  a
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Scheme 3 - 1 .  S y n t h e s i s  o f  M o n o s u b s t i t u t e d  PSF-DABCO 
S a l t ,  23 .
- ^ - o ^ O H H O - o ^ - s o r ^ -
CH30CH2CI /SnCI4
CICH,
21 CH2CI
/-----\ ip1
N/V'[\|—CH-
, DMSO
- - o 0  —
ch2-n^ n
Cl'
23
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s h a r p  s i n g l e t  a p p e a r i n g  a t  2 . 6 5  ppm i s  a s s i g n e d  t o  w a t e r .
The h y d r o s c o p i c  n a t u r e  o f  t h i s  m o n o q u a t e r n i z e d  po lymer  
i n c r e a s e d  t h e  d i f f i c u l t i e s  i n  d e t e r m i n a t i o n  o f  a c c u r a t e  
p e r c e n t  c o m p o s i t i o n  f rom e l e m e n t a l  a n a l y s i s ,  due t o  t h e  
v a r i a b l e  c o n t e n t  o f  h y d r a t e d  w a t e r .
The monosubs t i t u t ed - DABCO b e n z y l  s a l t ,  24 , was 
p r e p a r e d  i n  a s i m i l a r  f a s h i o n  e mp lo y i ng  b e n z y l  c h l o r i d e  a s  
t h e  s t a r t i n g  m a t e r i a l  a s  shown i n  Scheme 3 - 2 .  NMR
s p e c t r u m  o f  t h e  compound s u g g e s t e d  m o n o s u b s t i t u t e d  DABCO 
s a l t  was formed ( F i g u r e  3 - 5 ) .  The benzyl-DABCO c h l o r i d e  
s a l t  a n a l y z e d  f o r  a c h l o r i n e  c o n t e n t  o f  13.8% c o n f i r m i n g  t h e  
m o n o q u a t e r n a r y  s t r u c t u r e .
The e x t e n t  o f  t h e  c a t a l y t i c a l l y  a c t i v e  n u c l e o p h i l i c  
s i t e s  o f  b o t h  PSF-DABCO, 23 , and benzyl-DABCO, 24 , were  
d e t e r m i n e d  q u a n t i t a t i v e l y .  Back t i t r a t i o n  o f  a 50 mg and 
100 mg o f  23 ,  and 24 r e s p e c t i v e l y ,  which  had been  soak e d  i n  
10 ml o f  0 . 05 3 6 4  N HC1 f o r  24 h r ,  w i t h  0 . 0 4 9 0 6  N NaOH d i d  
n o t  show any c a t a l y t i c a l l y  a c t i v e  s i t e s .  T h i s  d e m o n s t r a t e s  
t h a t  t h e  s ec on d  n i t r o g e n  i n  DABCO i s  e s s e n t i a l l y  n e u t r a l .
3 . 2 . 2  The Polysul fone-DABCO-PNPA C a t a l y z e d  e s t e r o l y s i s
a .  K i n e t i c  S t u d i e s
The k i n e t i c  s t u d i e s  o f  t h e  e s t e r o l y t i c  h y d r o l y s i s  o f  
j ) - n i t r o p h e n y l a c e t a t e  (PNPA) , 25 , by po ly su l f o n e -DABCO,
23 , and benzyl-DABCO, 24 , were  t y p i c a l l y  c a r r i e d  o u t  i n
- 4  -5e x c e s s  c a t a l y s t ,  c a .  3 . 5  x 10 M c a t a l y s t ,  and 5 x 10 M
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Scheme 3 - 2 .  S y n t h e s i s  o f  1 - b e n z y 1 - 4 - a z a - l — 
a z o n i a b i c y c l o [ 2 . 2 . 2 ] o c t a n e ,  24 .
/ ----------- \
CH2- C I  +  N A s^ /N
\ _____ /
benzene 
reflux, i hr
+/ ^
CH2-  N /^ v N
c r N— '
24
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10^
s u b s t r a t e .  R a t e s  were  s t u d i e d  u t i l i z i n g  a Cary 14 UV- 
v i s i b l e  s p e c t r o p h o t o m e t e r ,  a t  25 °C,  by m e a s u r i n g  t h e  
o p t i c a l  d e n s i t y  o f  t h e  h y d r o l y s i s  p r o d u c t ,  j ^ - n i t r o p h e n o l a t e  
i o n ,  27 , a s  a f u n c t i o n  o f  t i m e  a t  400 nm. The measu red  
d a t a  were  t r e a t e d  a s  f i r s t - o r d e r  r e a c t i o n s  by p l o t t i n g  
I n  [O.D.  -  O.D.  ] v e r s u s  t i me  where  O . D . ^ a n d  O.D. a r e  t h ew  U lAJ L
o p t i c a l  d e n s i t i e s  o f  t h e  £ - n i t r o p h e n o l a t e , 27 , a t  t i me
i n f i n i t e  ( c o m p l e t e l y  h y d r o l y s i s )  and a t  t i m e  t
r e s p e c t i v e l y .  O . D . qq was o b t a i n e d  by u s i n g  t h e  Kezdy-
113S wi nbour ne  method . The s l o p e s  o f  t h e  l i n e s  o b t a i n e d  by
t h e s e  p l o t s  gave  t h e  p s e u d o - f i r s t  o r d e r  r a t e  c o n s t a n t s
(k  ) f rom which  t h e  f i r s t - o r d e r  r a t e  c o n s t a n t s  (k , )meas obs
were  c a l c u l a t e d  by s u b s t r a c t i n g  t h e  b l a n k  r a t e  ^
wheneve r  t h e  u n c a t a l y z e d  r a t e  o f  h y d r o l y s i s  i s  s i g n i f i c a n t  
a s  shown i n  t h e  f o l l o w i n g  e q u a t i o n  :
k , = k -  k , ,  . ( e q . 3 - 4 )obs  meas b l a n k  n
The s e c o n d - o r d e r  r a t e  c o n s t a n t  (k  ) v a l u e s  were
C 3 1
c a l c u l a t e d  by u t i l i z i n g  t h e  r e l a t i o n s h i p
k c a t  = k Qbs /  [ C a t a l y s t ]  ( e q . 3 - 5 )
where  k , was t h e  f i r s t - o r d e r  o b s e r v e dobs
r a t e  c o n s t a n t  
and [ C a t a l y s t ]  was t h e  m o l a r  c o n c e n t r a t i o n  of
DABCO f u n c t i o n s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
105
When t h e  p l o t  o f  I n  [ O . D . qq -  O . D . t ] a g a i n s t  t ime  
d e v i a t e d  a t  h i g h e r  c o n v e r s i o n s ,  t h e  s l o p e s  o f  t h e  i n i t i a l  
l i n e a r  p o r t i o n s  were  t a k e n .
b .  A bs or b an ce  B e h a v i o r
I n  t h e  u s u a l  s o l v o l y s i s ,  t h e  a b s o r p t i o n  o f  t h e
p h e n o l a t e  i o n  l e a v i n g  from t h e  v a r i o u s  p h e n y l  e s t e r s
i n c r e a s e s  w i t h  t i m e  and a p p r o a c h e s  a maximum v a l u e  i n
a b s o r p t i o n  which c o r r e s p o n d s  t o  t h e  t o t a l  c o n c e n t r a t i o n  o f
88t h e  i n i t i a l l y  f e d  s u b s t r a t e  . The p r e l i m i n a r y  s t u d i e s  o f
t h e  PSF-DABCO -PNPA c a t a l y z e d  e s t e r o l y s i s  r e a c t i o n s  have
been c o n d u c t e d  by f o l l o w i n g  t h e  j j - n i t r o p h e n o l a t e  i o n
a b s o r p t i o n  change  a g a i n s t  t i m e  d u r i n g  t h e  c a t a l y t i c
h y d r o l y s i s  r e a c t i o n  a t  400 nm. P l o t s  o f  o p t i c a l  d e n s i t y  vs
t i m e  o f  j ) - n i t r o p h e n o l a t e  i o n  l e a v i n g  f rom PNPA a t  v a r y i n g
pH, i o n i c  s t r e n g t h  ( ]J ) ,  and s o l v e n t  c o n t e n t  e x h i b i t  t h e
same p a t t e r n .  An exampl e  o f  one o f  t h e s e  p l o t s  i s  shown i n
F i g u r e  3 - 6 .  Thes e  p l o t s  r e v e a l e d  t h e  u s u a l  e s t e r o l y s i s
b e h a v i o r  a s  can be d e m o n s t r a t e d  f rom t h e  i n c r e a s i n g  o f  t h e
j g _ - n i t r o p h e n o l a t e  i o n  w i t h  t i m e  and a p p r o a c h e s  a maximum
v a l u e  and d e c r e a s i n g  s l i g h t l y  t o  a c o n s t a n t  v a l u e  a t  t i me
due o n l y  t o  t h e  i n i t i a l l y  f e d  PNPA**^. The maximum v a l u e
was c r e a t e d  p r o b a b l y  due t o  t h e  b u i l d u p  o f  t h e  PSF-DABCO
£ - n i t r o p h e n o l a t e  i o n ,  27 , a s  shown i n  Scheme 3 - 3 .  The same
k i n e t i c  b e h a v i o r  h a s  been  o b s e r v e d  i n  t h e  s o l v o l y t i c
r e a c t i o n  o f  PNPA by t h e  q u a t e r n a r y  s a l t  o f  p o l y ( 4 - v i n y l -
»
p y r i d i . n e )  and 2 - ( 2  - c h l o r o e t h y l ) p y r i d i n e , which  c o n t a i n e d  a
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P l o t s  o f  O.D. vs  t i m e  f o r  t h e  h y d r o l y s i s  o f  PNPA c a t a l y s e d  by 
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s m a l l  f r a c t i o n  o f  u n s u b s t i t u t e d  4 - v i n y l p y r i d i n e  i n  which a
marked r e t a r d a t i o n  and i n h i b i t i o n  was n o t e d  a f t e r  t h e
94i n i t i a l  a c c e l e r a t i o n  s t a g e
T r e a t m e n t  o f  t h e  a b s o r p t i o n  d a t a  f rom t h e s e  k i n e t i c  
r u n s  a s  a p l o t  o f  I n  ( 0 * ^ . ^ -  O . D . t ) vs  t i m e  show a s t r a i g h t  
l i n e .  An exampl e  o f  one o f  t h e s e  p l o t s  was shown i n  F i g u r e
3 - 7 .  The s l o p e  o b t a i n e d  f rom o f  t h i s  l i n e  was t h e  -  k Qb s » 
t h e  p s e u d o - f i r s t  o r d e r  r a t e  c o n s t a n t  ( a f t e r  s u b t r a c t i n g  t h e  
b l a n k  r a t e ) .  The c a t a l y t i c  r a t e  was o n l y  s l i g h t l y  h i g h e r  
t h a n  t h e  b l a n k  r a t e ,  t h u s  t h e  d i f f e r e n c e  be tween  t h e  two 
r a t e s  i s  c o m p a r a b l e  t o  t h e  e x p e r i m e n t a l  e r r o r .
c .  E f f e c t  o f  S o l v e n t  C o m p o s i t i o n
I n  a s o l v e n t  o f  h i g h e r  p o l a r i t y ,  h y d r o p h o b i c  
i n t e r a c t i o n s  be tween  po lymer  and n e u t r a l  s u b s t r a t e  i n c r e a s e .  
I n  o r d e r  t o  a s c e r t a i n  t h e  e f f e c t s  o f  n o n p o l a r  o r  h y d r o p h o b i c  
i n t e r a c t i o n s  be tween  c a t a l y s t  and s u b s t r a t e ,  and t h e  e f f e c t  
o f  t h e  c o n f o r m a t i o n a l  c han g e  i n  PSF-DABCO, s o l v o l y s i s  o f  
PNPA a t  a p p r o x i m a t e l y  pH 1 0 . 0  were  i n v e s t i g a t e d  i n  d i f f e r e n t  
a c e t o n i t r i l e - w a t e r  c o m p o s i t i o n s ,  w i t h  t h e  i o n i c  s t r e n g t h  
m a i n t a i n e d  a t  1 . 0 .  Both  t h e  r e a c t i v i t i e s  o f  t h e  PSF-DABCO 
and benzyl-DABCO t ow a r d  PNPA were  s t r o n g l y  d e p r e s s e d  i n  a 
s o l v e n t  m i x t u r e  c o n t a i n i n g  t h e  h i g h e r  a c e t o n i t r i l e  c o n t e n t  
( 2 2 . 6  %) a s  can  be s e e n  f rom t h e  k . o b t a i n i n g  f rom t h e
C 3  t
In [ O . D . jjq-  O.D.  ] vs  t i m e  p l o t s  a s  shown i n  F i g u r e  3 - 8 .  
Thes e  r e s u l t s  can be e x p l a i n e d  a s  a s o l v e n t  e f f e c t  on a
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F i g u r e  3 -8 . P l o t s  o f  I n  (O.D.oo -  O.D.  ) vs  t i m e  f o r  t h e  h y d r o l y s i s  o f  
PNPA c a t a l y z e d  by PSF-DABCO, 23 , ( 0  ) ;  and benzy1-DABCO, 
24 , ( A  ) ;  a t  pH = 1 0 ;  JJ = 1 . 0 ;  and i n  87.4% H„0 -  12.6% 
CH3CN ( A . C ) ,  77.4% H20 -  22.6% CH^CN ( B . D ) .  1
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Ill
c h a r g e d  t r a n s i t i o n  s t a t e  -  t h e  h y p o t h e s i s  b e i n g  t h a t  t h e  
t e t r a h e d r a l  i n t e r m e d i a t e  c ompl ex ,  26 ( s e e  Scheme 3 - 3 ) ,  i s  
more p o l a r  t h a n  t h e  r e a c t a n t s  DABCO compound,  23 .  T h i s  
t e t r a h e d r a l  i n t e r m e d i a t e  complex may e i t h e r  r e v e r t  t o  
n e u t r a l  r e a c t a n t s  ( k _ ^ ) o r  go on t o  p r o d u c t s  ( k 0 ^ s ) -  An 
i o n i z i n g ,  h i g h  d i e l e c t r i c  s o l v e n t ,  s uch  a s  w a t e r ,  would 
p romot e  t h e  f o r m a t i o n  o f  t h e  more p o l a r  co mp l ex ,  t h u s
i n c r e a s i n g  i t s  c o n c e n t r a t i o n  and e n h a n c i n g  t h e  r e a c t i o n
„ 116 r a t e
3 . 4  E x p e r i m e n t a l
G e n e r a l  I n f o r m a t i o n
The p o t e n t i o m e t r i c  t i t r a t i o n  was p e r f o r m e d  w i t h  
R a d i o m e t e r  e q u i p me n t  : a PHM 64 r e s e a r c h  Ph m e t e r ,  a TTT 60 
t i t r a t o r ,  a ABU 13 a u t o b u r e t t e  e q u i p p e d  w i t h  25 ml b u r e t t e ,  
and a TT 60 m e c h a n i c a l l y  s t i r r e d  t i t r a t i o n  a s s e m b l y .
U l t r a v i o l e t ( U V )  and V i s i b l e  s p e c t r a  were  r e c o r d e d  
w i t h  a Cary  14 U V - V i s i b l e  s p e c t r o p h o t o m e t e r .
E l e m e n t a l  a n a l y s e s  were  p e r f o r m e d  by G a l b r a i t h  
L a b o r a t o r i e s ,  and Mic Anal  O r g a n i c  M i c r o a n a l y s i s .
3 . 4 . 1  M a t e r i a l  :
C o mme rc i a l l y  a v a i l a b l e  p o l y s u l f o n e  was us ed  w i t h o u t  
f u r t h e r  p u r i f i c a t i o n .  B e n z y l  c h l o r i d e  was d i s t i l l e d  b e f o r e  
u s e d .  1 , 4 - d i a z a b i c y c l o [ 2 . 2 . 2 . 2 ] o c t a n e  (DABCO) and £ - n i t r o -  
p h e n y l a c e t a t e  (PNPA) were  s u b l i m e d  b e f o r e  u s e ,  m. p .  = 158-  
159 °C and 78-79  °C r e s p e c t i v e l y .  R e a g e n t  g r a d e  b e n z e n e ,
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a c e t o n i t r i l e , d i m e t h y l s u l f o x i d e , t r i s ( h y d r o x y m e t h y l ) a m i n o -  
me t hane  ( T r i s ) ,  h y d r o c h l o r i c  a c i d , a n d  p o t a s s i u m  c h l o r i d e  
were  used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
P r e p a r a t i o n  o f  c h l o r o m e t h y l  m e t h y l  e t h e r - m e t h y l  a c e t a t e  
m i x t u r e . 2 0 a .
The p r o c e d u r e  o f  Amoto,  e t  a l ^ ^ ,  was u s ed  w i t h o u t  
m o d i f i c a t i o n .  I n  a 100 ml 3 - n e c k  round  b o t t o m f l a s k  
e q u i p p e d  w i t h  t h e r m o m e t e r ,  m a g n e t i c  s t i r r e r ,  and a r u b b e r  
s e p t u m ,  45 ml ( 0 . 5 1  mo l e )  o f  m o l e c u l a r  s i e v e - d r i e d  
d i m e th o x y me t ha n e  and 1 . 2  ml ( 0 . 0 2 9  mole )  o f  a n h y d r o u s  
m e t h a n o l  were  i n t r o d u c e d .  The s o l u t i o n  was c o o l e d  t o  0°C i n  
i c e - w a t e r  b a t h .  3 5 . 3  ml ( 0 . 4 9  mole )  o f  p u r i f i e d  H C l - f r e e  
a c e t y l  c h l o r i d e  was added  v i a  a s y r i n g e  i n  t h r e e  p o r t i o n s  
f o r  e v e r y  12 h o u r s .  The f l a s k  was removed f rom t h e  i c e -  
w a t e r  b a t h  a f t e r  t h e  f i r s t  a d d i t i o n  o f  t h e  f i r s t  p o r t i o n  of  
a c e t y l  c h l o r i d e ,  and t h e  t e m p e r a t u r e  o f  t h e  m i x t u r e  r a i s e d  
t o  2 5- 2 8  °C.  The whole  r e a c t i o n  m i x t u r e  was a l l o w e d  t o  s t i r  
f o r  36 h o u r s  i n  room t e m p e r a t u r e .
P r e p a r a t i o n  o f  p o l y f o x y - 1 . 4 - p h e n v l e n e s u l f o n y l - 1 , 4 -  
p h e n v l e n e o x v - ( 2 - c h l o r o m e t h v l ) - 1 . 4 - p h e n v l e n e - ( l -  
m e t h v l e t h v l i d e n e ) - ( 2 - c h l o r o m e t h v l ) - 1 . 4 - p h e n v l e n e l . 2 1 .
I n  a one l i t e r  3 - n e c k  r e s i n  k e t t l e  e q u i p p e d  w i t h  a 
m e c h a n i c a l  s t i r r e r ,  a r g o n  i n l e t ,  and e q u a l i z e d  p r e s s u r e  
d r o p p i n g  f u n n e l  was p l a c e d  300 ml o f  c h l o r o m e t h y l  m e t h y l
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e t h e r - m e t h y l  a c e t a t e  , 2 0 a , m i x t u r e  c o n t a i n i n g  1 . 8  moles  of  
c h l o r o m e t h y l  m e t h y l  e t h e r ,  20 , and 1 . 0 5  ml ( 0 . 0 0 9  mole)  of  
SnCl^ ;  t h e  whole  m i x t u r e  was d i l u t e d  w i t h  an e q u a l  volume of  
1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e . A f t e r  t h e  m i x t u r e  was h e a t e d  t o  
r e f l u x ,  a s o l u t i o n  o f  40 g ( 0 . 0 9  e q . )  p o l y s u l f o n e  i n  500 ml 
o f  1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  was a dded  s l o w l y  o v e r  a p e r i o d  
o f  45 m i n u t e s .  R e f l u x i n g  was m a i n t a i n e d  f o r  3 h o u r s  b e f o r e  
t h e  c a t a l y s t  was d e a c t i v a t e d  by i n j e c t i n g  5 ml o f  w a t e r  i n t o  
t h e  r e a c t i o n  m i x t u r e .  Low b o i l i n g  f r a c t i o n s ,  ma i n l y  
r e s i d u a l  2 0 a were  d i s t i l l e d  f rom t h e  r e s i n  k e t t l e ,  and 
c h l o r o m e t h y l  m e t hy l  e t h e r  was d e a c t i v a t e d  by t r e a t i n g  w i t h
1 . 0  N NaOH a q u e o u s  s o l u t i o n .  A f t e r  r e d u c i n g  t h e  r e a c t i o n  
volume t o  2 0 0  ml ,  c h l o r o m e t h y l a t e d  p o l y s u l f o n e  was r e c o v e r e d  
by p o u r i n g  t h e  m i x t u r e  i n t o  m e t h a n o l .  A f t e r  r e p r e c i p i t a t i o n  
f rom c h l o r o f o r m  i n t o  m e t h a n o l  and d r y i n g  i n  vacuum oven a t  
35 °C f o r  24 h o u r s ,  4 4 . 5  g (93%) o f  c h l o r o m e t h y l a t e d  
p o l y s u l f o n e ,  21 , was o b t a i n e d .  [ T) JCH^CI = 0 . 4 2  d l / g .
XH NMR (CD3 C1) ( F i g u r e  3 - 1 )  : 5  1 . 68  (s., 2-CH3 ) ;  4 . 5 3
(s., - CH^Cl ) ;  6 . 8 - 7 . 4  (m, Ar-H) ; 7 . 9  ppm (d., Ar-H, o r t h o  t o  
- S 0 2- ) .  13C NMR (CD3 C1) ( F i g u r e  3 - 2 )  : 6  3 0 . 7  (2-CH3 ) ;
4 0 . 8  ( -CH 2 C1) ;  4 2 . 4  (CH3 ~C-CH3 ) ;  1 1 7 . 7 ,  1 1 9 . 8 ,  1 2 0 . 0 ,  1 2 8 . 3 ,  
1 2 8 . 8 ,  1 2 9 . 0 ,  1 2 9 . 4 ,  1 2 9 . 7 ,  1 3 5 . 8 ,  1 4 7 . 3 ,  1 5 1 . 0 ,  and 161 .5  
ppm ( a r o m a t i c  C ) .
E l e m e n t a l  a n a l y s i s  was c o n s i s t e n t  w i t h  t h e  i n t r o d u c i n g  
of  1 . 8  -CH2 C1 o n t o  a r e p e a t i n g  u n i t .  A n a l .  Found : C,
6 5 . 0 4 ;  H, 4 . 3 0 ;  C l ,  1 1 . 9 5 ;  S,  5 . 9 2 .
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P r e p a r a t i o n  o f  p o l v T o x y - 1 . 4 - p h e n y l e n e s u l f o n v l - 1 . 4 -  
p h e n y l e n e o x v - ( 2 - ( 1 - m e t h v l - 4 - a 2 a - l - a z o n i a b i c v c l o \ 2 . 2 . 2 1 o c t a n e  
c h l o r i d e ) ) - 1 . 4 - p h e n y l e n e - ( 1 - m e t h y l e t h v l i d e n e ) - f 2 - ( 1 - m e t h v l -
4 - a z a - l - a z o n i a b i c y c l o r 2 . 2 . 2 l o c t a n e  c h l o r i d e ) ) - ! . 4 -  
p h e n y l e n e l .  2 3 .
10 g ( 0 . 0 3 4 0  e q .  - C I ^ C l )  o f  c h l o r o m e t h y l a t e d  
p o l y s u l f o n e ,  2 1  , w i t h  an a v e r a g e  o f  1 . 8  -CH2 C1  p e r  
r e p e a t i n g  u n i t ,  3 . 81  g ( 0 . 0 3 4 0  mole )  o f  DABCO, 22  , and 
200 ml o f  d i m e t h y l s u l f o x i d e  (DMS0) were  mixed i n  a s e a l e d  
500 ml round  bo t t om f l a s k .  A f t e r  v i g o r o u s  s t i r r i n g  f o r  24 
h o u r s  a t  room t e m p e r a t u r e ,  1 2 . 8  g of  2 3  , was o b t a i n e d  a f t e r  
r emoving  e x c e s s  DMS0 and d r y i n g  u nd er  vacuum a t  60 °C f o r  48 
h o u r s .
1R NMR (DMSO-dg) ( F i g u r e  3 - 3 )  : 6  1 . 8  ( s., 2-CHg);
3 . 2 3  (s., - +N-CH2 -CH2 ) ; 3 . 5 0  ( s ,  -CH2 -CH.2 - N ) ;  4 . 5 3  (s., 
Ar-CI[ 2 -N+- ) ; 6 . 8 - 7 . 7  (m, Ar-H) ; 7 . 9  ppm (Ar-H o r t h o  t o  
- S 0 2 ) .  13C NMR (DMSO-dg) ( F i g u r e  3 - 4 )  : <5 3 1 . 4  (2-CH3 ) ;
4 0 . 8  (Ar-CH 2 - C l ,  u n r e a c t e d  s t a r t i n g  m a t e r i a l ) ;  4 3 . 6  (CH3 ~C- 
CH3 ) ;  4 6 . 0  (CH2 - N - ) ;  5 2 . 8  ( -CH 2 - +N - ) ;  6 3 . 6  (Ar-CH 2 - +N - ) ; 
1 1 8 . 2 ,  1 2 0 . 0 ,  1 3 0 . 7 ,  1 3 2 . 5 ,  1 3 4 . 5 ,  1 3 6 . 8 ,  1 4 8 . 2 ,  1 5 3 . 6 ,  and
161 .1  ppm ( a r o m a t i c  £ ) .
E l e m e n t a l  a n a l y s i s  was c o n s i s t e n t  w i t h  t h e  
i n t r o d u c t i o n  o f  1 . 0 5  DABCO g r o u p s  o n t o  t h e  r e p e a t i n g  u n i t .  
An a l .  Found : C, 5 1 . 4 3 ;  H, 7 . 1 1 ;  C l ,  5 . 4 2 ;  N, 4 . 0 2 ;  S,  8 . 7 9 .
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P r e p a r a t i o n  o f  1 - b e n z v l - 4 - a z a - l - a z o n i a b i c v c l o T2 . 2 . 2 1  o c t a n e  
c h l o r i d e ,  2 4 .
7 . 0  g ( 0 . 0 6 2  mole )  o f  p u r i f i e d  1 , 4 - d i a z a b i c y c l o -
[ 2 . 2 . 2 ] o c t a n e  (DABCO), 4  , was added  i n t o  a 250 ml r e s i n
k e t t l e  c o n t a i n i n g  50 ml b e n z e n e .  T h i s  s o l u t i o n  was s t i r r e d
and m a i n t a i n e d  a t  t h e  r e f l u x  t e m p e r a t u r e  d u r i n g  t h e  d r o p w i s e
a d d i t i o n  o f  7 . 0  ml ( 0 . 0 6 1  mole )  o f  b e n z y l  c h l o r i d e  i n  10 
118m i n u t e s  . The m i x t u r e  r e f l u x e d  f o r  a a d d i t i o n a l  1 h r .
The r e a c t i o n  m i x t u r e  was c o o l e d  and t h e  p r e c i p i t a t e  p r o d u c t  
was f i l t e r e d  on a Buchne r  f u n n e l ,  r i n s e d  w i t h  250 ml of  
b e n z e n e ,  t r i t u r a t e d  w i t h  a c e t o n e  and vacuum d r i e d  a t  60 °C 
f o r  24 h r s  t o  y i e l d  1 4 . 2 0  g (96%) o f  benzyl-DABCO c h l o r i d e  
compound,  2 4  , m. p .  = 254 °C.
XH NMR (D 2 0)  ( F i g u r e  3 - 5 )  : 6  3 . 2 8 ,  3 . 3 8  (d., 3-CH 2 ~N-
and 3 -CIl 2 - +N- r e s p e c t i v e l y ) ;  4 . 5 2  (s^, Ar-CH2~ ) ;  and 7 . 5 8  ppm 
(s., A r - H) .  A n a l .  C a l c d .  f o r  Cj^HjgNgCl  H20 : C, 6 0 . 7 9 ;  H, 
8 . 2 4 ;  N, 1 0 . 9 ;  C l ,  1 3 . 8 ;  0 ,  6 . 2 3 .  A n a l .  Found : C, 6 1 . 2 9 ;
H, 8 . 0 0 ;  C l ,  1 3 . 8 1 ;  N, 1 0 . 7 9 .  E l e m e n t a l  a n a l y s i s  t h u s  
c o n f i r m e d  t h e  mono- q u a t e r n a r y  s t r u c t u r e  f rom t h e  c h l o r i d e  
c o n t e n t .
3 . 4 . 2  K i n e t i c  Measuremen t
The f o l l o w i n g  g e n e r a l  p r o c e d u r e  was u s e d  t o  o b t a i n  t h e
k i n e t i c  d a t a .  The d e s i r e d  amount  o f  c a t a l y s t  ( a p p r o x i m a t e l y
0 . 0 4 4  g o f  2 3 ,  and 0 . 0 1 7  g o f  2 4 )  f o r  p r e p a r i n g  200 ml o f
- 4a p p r o x i m a t e l y  3 . 6  x 10 M s o l u t i o n  was we ighed  ( t o  t h e
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n e a r e s t  0 . 1  mg) i n t o  a 2 0 0  ml v o l u m e t r i c  f l a s k  and d i l u t e d
u s i n g  b u f f e r  s o l u t i o n  c o n t a i n i n g  160 ml o f  w a t e r  and 40 ml
of  CHgCN. The s o l u t i o n s  were  b u f f e r e d  w i t h  0 . 0 2  M T r i s  and
h y d r o c h l o r i c  a c i d  and s u f f i c i e n t  s a l t  (KC1) t o  a d j u s t  t h e
i o n i c  s t r e n g t h  t o  0 . 0 2  -  1 . 0 .  A s o l u t i o n  o f  100 ml 1 . 5  x 
- 3
1 0  M o f  ( 0 . 0 5 4  g)  £ . - n i t r o p h e n y l a c e t a t e ( P N P A )  was a l s o
p r e p a r e d  i n  a 100 ml v o l u m e t r i c  f l a s k  u s i n g  CH^CN. 7 2 . 5  ml 
o f  a b u f f e r e d  c a t a l y s t  s o l u t i o n  was w i t h d r a w n ,  and 
t r a n s f e r r e d  t o  a E r l e n m e y e r  f l a s k  e q u i p p e d  w i t h  a g round  
g l a s s  s t o p p e r  c o n t a i n i n g  2 . 5  ml o f  s u b s t r a t e ( P N P A )  s o l u t i o n .  
At a p p r o p r i a t e  i n t e r v a l s ,  a l i q u o t s  ( 3 . 0  ml)  were  removed 
w i t h  p i p e t  and i m m e d i a t e l y  t r a n s f e r r e d  t o  a 1 -  cm q u a r t z  
c e l l  . The f i n a l  c o n c e n t r a t i o n  o f  s p e c i e s  i n  t h e  c e l l  were  
t h e  f o l l o w i n g  : [ C a t a l y s t ]  = 3 . 5  x 10~^ M; [ S u b s t r a t e ]  =
5 x 10 ^ M; i o n i c  s t r e n g t h  ( |J ) = 0 . 0 2 ;  and 87.4% w a t e r  -  
12.6% CH^CN by vo l ume .
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CHAPTER 4
SYNTHESIS AND REACTIVITY OF 
POLY[ OXY-1, 4-PHENYLENE-(1-METHYLETHYLIDENE)-1, 4 -  
PHENYLENE-OXY-(2-AMINOMETHYL)-l, 3-PHENYLENE] ;
AN AMINE FUNCTIONALIZED POLYARYLETHER
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4 .1  I n t r o d u c t i o n
The p r e p a r a t i o n ,  p r o p e r t i e s  and a p p l i c a t i o n s  o f
p o l y a m i n e s  have  r e c e i v e d  wide  a t t e n t i o n  b o t h  i n  a ca de mi c  and
119i n d u s t r i a l  i n s t i t u t i o n s  i n  t h e  l a s t  few y e a r s
P o l y a m i n e s  l i k e  p o l y v i n y l p y r i d i n e , p o l y a m i n o s t y r e n e ,
p o l y v i n y l a m i n e , p o l y a l l y l a m i n e , b r a n c h e d  p o l y e t h y l e n e i m i n e ,
and l i n e a r  p o l y e t h y l e n e i m i n e  a r e  b e i n g  a p p l i e d  a s  a d d i t i v e s
i n  w a t e r  t r e a t m e n t ,  e nh an c e d  o i l  r e c o v e r y ,  p a p e r  c o a t i n g s ,
and m i n e r a l  p r o c e s s i n g .  More r e c e n t l y ,  t h e  n u c l e o p h i l i c
c h a r a c t e r  and c o mp l e x i n g  a b i l i t y  o f  p o l y a m i n e s  have  been
e x p l o i t e d  i n  t h e  p r e p a r a t i o n  o f  p o l y m e r i c  r e a g e n t s  and
22 25complex  m e t a l  c a t a l y s t s  ’
The s y n t h e t i c  p r o c e d u r e s  r e q u i r e d  t o  p r o d u c e
120p o l y a m i n e s  a r e  r a t h e r  c o m p l i c a t e d  , b u t  t h e  u n i q u e
n u c l e o p h i l i c  p r o p e r t i e s  and t h e  d i v e r s i f i e d  a p p l i c a t i o n s  o f
p o l y a m i n e s  l e a d  t o  many r o u t e s  f o r  s y n t h e s e s .  The commonly
u s ed  r o u t e s  f o r  t h e  p r e p a r a t i o n  o f  v a r i o u s  t y p e s  o f
p o l y a m i n e s  (Scheme 4 - 1 ) ,  s uc h  a s ,  p o l y ( v i n y l a m i n e ) ( P V A ) ,
p o l y ( e t h y l e n e i m i n e ) ( P E I ) , p o l y ( 4  o r  2 - v i n y l p y r i d i n e ) ( P 4 V P )
o r  (P2VP) ,  p o l y ( N - v i n y l i m i d a z o l e ) ( P V I )  and p o l y [ 4 ( 5 ) -
v i n y l i m i d a z o l e ] ( P 4 V I ) ,  p o l y ( a m i d o - a m i n e )  and p o l y ( d i a z a -
1 2 1  —crown e t h e r ) ( P M C )  , i n c l u d e  r i n g - o p e n i n g  p o l y m e r i z a t i o n
126 . 127 - 130  . .  i 130-145, p o l y a d d i t i o n s  , r e a c t i o n s  on p o l y m e r s  ,
13 6  ~ 13 8v i n y l  p o l y m e r i z a t i o n  , and c y c l o -  a n d / o r
c o p o l y m e r i z a t i o n  o f  a l l y l i c  a m i n e s .
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Scheme 4 - 1 .  F a m i l i e s  o f  P o l y m e r i c  Amines Which Have Been
i qo
E x t e n s i v e l y  S t u d i e d
P o ly ( v in y la m in e )  (PVA) — f — CH2 -(JH
nh2
P o l y ( e t h y l e n e im i n e ) ( P E I )  - F  f - CH2 - CH2 - ] -
P o l y ( 4  o r  2 - v i n y l p y r i d i n e ) — L  CH2 -£H  —4 -  —I— CH2 -C H — I—
r P h V P l  n r*  f P P V P l  U  J( ^ ) o r  ( 2 ) u  J
P o ly ( N - v in y l im id a z o l e )  (P V I) — CH2 ~pH CH2 -CH - J  . ■
and P o l y ( ^ ( 5 ) - v i n y l i r a i d a z o l e )  (^P V I) || 'jl
*----- N *-= = ‘N
P o ly (a m id o -a m in e )  — I— CH9 -C H „-C -N -R „-N - C-CH0 -C H ,,-N-Ri;-N J —L z  2 |i | 2  | u 2 2 , 5 | J
l  3  ^  ^  Rg
P o ly  ( d ia z a - c r o w n e t h e r )  (PMC) — ^ 3 )— R —^jic) R — ^Mc)—  R 4 -
(MC =  m a c r o c y c l ic  l i g a n d )
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A m i n o m e t h y l - c o n t a i n i n g  p o l y m e r s  a r e  v e r s a t i l e
p r e c u r s o r s  f o r  t h e  s y n t h e s i s  o f  a wide  v a r i e t y  o f  f u n c t i o n a l
p o l y m e r s .  Aminomethyl  d e r i v a t i v e s  o f  c r o s s l i n k e d
p o l y s t y r e n e  r e s i n s  have  been become i m p o r t a n t  f o r  t h e
p r e p a r a t i o n  o f  s u p p o r t s  f o r  s o l i d  p h a s e  p e p t i d e  s y n t h e s i s ,
p a r t i c u l a r l y ,  i n  p r e p a r a t i o n  o f  a more a c i d - r e s i s t a n t
s u p p o r t  t o  m i n i m i z e  t h e  l o s s  o f  p e p t i d e  i n t e r m e d i a t e s  d u r i n g  
140s y n t h e s i s  . I n  a d d i t i o n ,  a m i n o m e t h y 1 - r e s i n s  h a ve  been
used  f o r  t h e  p r e p a r a t i o n  o f  s u p p o r t s  b e a r i n g  s p a c e r ^ ^  or
p h o t o l a b i l e  g r o u p s ^ ^ ,  s u p p o r t s  f o r  p e p t i d e  s e q u e n c i n g ^ ^
144 145and p o l y m e r i c  c a r b o d i i m i d e s  ’
Aminomethyl  s u b s t i t u t e s  on v i n y l  a r o m a t i c  r e s i n s ,  such  
a s  p o l y s t y r e n e  r e s i n ,  31 , have  been  i n t r o d u c e d  by r e a c t i o n  
of  c h l o r o m e t h y l  r e s i n s  w i t h  e x c e s s  a m m o n i a ^ ^  and a m i n e s ^ ^ ,  
b u t  u n d e s i r e d  c r o s s l i n k i n g  by a l k y l a t i o n  o f  t h e  ami no me th y l  
s i t e s  w i t h  u n r e a c t e d  c h l o r o m e t h y l  g r o u p s  a l s o  o c c u r r e d .
R e a c t i o n  o f  c h l o r o m e t h y l  r e s i n ,  33 , w i t h  p o t a s s i u m
- a 1 4 0 , 1 4 1 , 1 4 4 , 1 4 5  o/  .. • u i ,  i • .p h t h a l i m i d e  , 34 , t o  g i v e  p h t h a l i m i d o m e t h y 1
r e s i n s ,  35 , f o l l o w e d  by h y d r a z i n o l y s i s  t o  t h e  a m i n e ,  39 ,
( R o u t e  A i n  Scheme 4 - 2 )  c o u l d  be u s e d  t o  a v o i d  t h e s e
u n d e s i r e d  c r o s s l i n k i n g  p r o b l e m .  However ,  t h i s  p r o c e d u r e
r e q u i r e d  t h e  c h l o r o m e t h y l a t i o n ' * ' ^  o f  p o l y s t y r e n e ,  33 , w i t h
c h l o r o m e t h y l  e t h e r ,  32 , wh ich  i s  a p o t e n t  c a r c i n o g e n .
D i r e c t  a m i d o m e t h y l a t i o n  by t h e  T s c h e r n i a c - E i n h o r n  
147r e a c t i o n  seems t o  be a s u p e r i o r  r o u t e  t o  t h e  
p h t h a l i m i d o m e t h y 1 r e s i n ,  35 , wh ich  i s  t h e n  r e a d i l y  
c o n v e r t e d  i n  r e f l u x i n g  e t h a n o l i c  h y d r a z i n e  t o  t h e
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Scheme 4 - 2 .  S y n t h e t i c  R o u t e s  t o  Aminomethy l  V i n y l  A r o m a t i c  
R e s i n .
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a mi nome thy l  r e s i n ,  39 , ( Ro u te  B i n  Scheme 4 - 2 ) .  T h i s  
s y n t h e s i s  u s e s  t h e  r e a d i l y  a v a i l a b l e  N - ( h y d r o x y m e t h y l ) -  
p h t h a l i m i d e ,  36a , o r  N - ( c h l o r o m e t h y l ) p h t h a l i m i d e , 36b , 
t o g e t h e r  w i t h  an a c i d  c a t a l y s t  s uch  a s  HF, CF^SO^H, or  
SnCl ^ .  Th us ,  t h e  p o t e n t i a l  f o r  c o n t a c t  w i t h  c h l o r o m e t h y l  
e t h e r  i s  e l i m i n a t e d .  An a l t e r n a t i v e  r o u t e  ( R o u t e  C i n  
Scheme 4 - 2 )  u t i l i z i n g  N - ( h y d r o x y m e t h y l ) t r i f l u o r o a c e t a m i d e ,
37 , i s  a l s o  a t t r a c t i v e  b e c a u s e  o f  t h e  m i l d  c o n d i t i o n s  
r e q u i r e d  t o  l i b e r a t e  t h e  amine  (10% KOH i n  e t h a n o l  a t  
25 ° C ) 1 4 8 .
A l t h o u gh  t h e  p r e p a r a t i o n  o f  a m i n o m e t h y l - c o n t a i n i n g
p o l y m e r s  f rom a p p r o p r i a t e  v i n y l  a r o m a t i c  r e s i n s  h a s  been
139s t u d i e d  e x t e n s i v e l y  , e l a b o r a t i o n  o f  c o n d e n s a t i o n  p o l y m e r s  
h a s  n o t  r e c e i v e d  c o m p a r a b l e  a t t e n t i o n .  I t  h a s  been o b s e r v e d  
t h a t  p o l y m e r s  c o n t a i n i n g  o x y - p h e n y l e n e  r e p e a t  u n i t s  a r e  
s u b j e c t  t o  f a c i l e  e l e c t r o p h i l i c  s u b s t i t u t i o n .  Thus  
p h t h a l i m i d o m e t h y l a t i o n  m i g h t  be a s u i t a b l e  a p p r o a c h  t o  
p r e p a r e  ami no me th y l  c o n d e n s a t i o n  p o l y m e r s .  A m i n o m e t h y l a t i o n  
o f  c o n d e n s a t i o n  p o l y m e r s , i . e . , p o l y [ o x y - 2 , 6 - d i m e t h y l - l , 4 -  
p h e n y l e n e ] ( PPO) , 40 , h a s  been  s t u d i e d ^ 4 ^ by r e a c t i n g  t h e  
c o r r e s p o n d i n g  po lymer  w i t h  N - ( h y d r o x y m e t h y l ) p h t h a l i m i d e ,
36a , t o  p r o d u c e  p o l y [ o x y - 3 - p h t h a l i m i d o m e t h y l - 2 , 6 - d i m e t h y l -  
1 , 4 - p h e r t y l e n e ] ,  41 . (Scheme  4 - 3 )  and s u b s e q u e n t  
h y d r a z i n o l y s i s  o f  41 t o  p r o d u c e  p o l y [ o x y - 3 - a m i n o m e t h y 1 -  
2 , 6 - d i m e t h y l - l , 4 - p h e n y l e n e ] ,  42 , an a m in o m e t hy l  c o n t a i n i n g  
p o l y m e r .  P r e p a r a t i o n  o f  ami no me th y l  p o l y [ o x y - 1 , 4 -  
p h e n y l e n e s u l f o n y l - l , 4 - p h e n y l e n e o x y - l , 4 - p h e n y l e n e - ( l -
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4 - 3 .  A m i n o m e t h y l a t i o n  o f  P o l y [ o x y - 2 , 6 - d i m e t h y l - l ,4- 
p h e n y l e n e  ] .
CH
CH
4 0
+ d-CH 2 -0H
V
3 6
CF^SO^H i n
c f 3 c o o h / c h 2 c i 2
CH CH
CH CH, CH I 2
,Ii
0
CH CH
CH CH, CHI 2
NH„
4 2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
125
m e t h y l e t h y l i d e n e ) - l , 4 - p h e n y l e n e ] ,  p o l y s u l f o n e ,  21 , ha s  a l s o  
been s t u d i e d  u s i n g  t h e  same p r o c e d u r e .
4 . 2  S y n t h e s i s  o f  p o l y [ o x y - 1 , 4 - p h e n y l e n e - ( 1 - m e t h y l -
e t h y l i d e n e ) - l , 4 - p h e n y l e n e o x y - ( 2 - a m i n o m e t h y l ) - l ,3 
- p h e n y l e n e ] ;  an  amine  f u n c t i o n a l i z e d  p o l y a r y l  e t h e r
4 . 2 . 1  I n t r o d u c t i o n
P o l y a r y l e t h e r  s u l f o n e s  and t h e i r  s u l f o n a t e d  a n a l o g s
e x h i b i t  m e c h a n i c a l  p r o p e r t i e s  and p e r m s e l e c t i v i t i e s  s u i t a b l e
49f o r  many membrane a p p l i c a t i o n s  . Q u a t e r n a r y  s a l t s  o f  
p o l y ( a mi no me t hy l  s u l f o n e s )  have  been  p r e p a r e d  v i a  
c h l o r o m e t h y l a t i o n  and s u b s e q u e n t  a m i n a t i o n  o f  p o l y a r y l e t h e r  
s u l f o n e s " ^ .  The u n i q u e  p r o p e r t i e s  o f  t h e s e  s a l t s  p rompt ed  
o u r  i n v e s t i g a t i o n  i n t o  t h e  s y n t h e s i s  o f  a m i n o m e t h y l a t e d  
c o n d e n s a t i o n  p o l y m e r s  by a l t e r n a t e  t e c h n i q u e s .
P o l y m e r s  c o n t a i n i n g  n i t r i l e  o r  d i n i t r i l e  
f u n c t i o n a l i t i e s  a r e  l i k e l y  t o  be u s e f u l  i n  t h e  p r e p a r a t i o n  
o f  r e s i n s  c o n t a i n i n g  m u l t i p l e  amino f u n c t i o n s ^ ^  b e c a u s e
c o n v e r s i o n  o f  t h e  n i t r i l e  o r  d i n i t r i l e  t o  amine  o r  d i a m i n e  
can  be a c c o m p l i s h e d  e a s i l y  by r e d u c t i o n  o f  po l ymer  w i t h  
s u i t a b l e  r e d u c i n g  a g e n t s .  They have  r e c e i v e d  l i t t l e  
a t t e n t i o n  a s  t h e i r  p r e p a r a t i o n  r e s u l t s  i n  low f u n c t i o n a l  
y i e l d s  and i n  p r o d u c t s  which  may be c o n t a m i n a t e d  w i t h  
u n d e s i r e d  f u n c t i o n a l i t i e s .  The p r e p a r a t i o n  o f  such  po l yme rs  
g e n e r a l l y  i n v o l v e s  t h e  r e a c t i o n  o f  a c h l o r o m e t h y l a t e d  
p r o d u c t  w i t h  t h e  a n i o n  o f  m a l o n o n i t r i l e  i n  DMF u s i n g
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e t h o x i d e  i o n  a s  b a s e ^ ^ ’ ^ ' ^ .  T h i s  method p r od uc ed  a po lymer
i n  which  o n l y  30% o f  t h e  o r i g i n a l  c h l o r o m e t h y l a t e d  s i t e s
have  been  t r a n s f o r m e d  i n t o  t h e  d i n i t r i l e ,  b u t  a l k y l a t i o n  of
m a l o n o n i t r i l e  can be a c h i e v e d  i n  a l m o s t  q u a n t i t a t i v e  y i e l d
43u s i n g  p h a s e  t r a n s f e r  c a t a l y s t s  i n  a t h r e e  p ha s e  s y s t e m
( e q .  4-1  and e q .  4 - 2 ) .
I t  i s  known t h a t  c e r t a i n  n i t r o - s u b s t i t u t e d  a r o m a t i c
k e t o n e  c o m p o s i t i o n s  can  be r e a c t e d  w i t h  a l k a l i  m e t a l
p h e n o l a t e  t o  form phenoxy d e r i v a t i v e s  t h e r e o f . Thus ,  t h e
p r e p a r a t i o n  o f  p o l y  e t h e r  k e t o n e s  can be a c h i e v e d  by t h e
r e a c t i o n  be t ween  n i t r o - s u b s t i t u t e d  a r o m a t i c  compounds
c o n t a i n i n g  a c a r b o n y l  g r oup  be t ween  two a r y l  n u c l e i ,  e . g . ,
4 , 4 1- d i n i t r o b e n z o p h e n o n e  w i t h  t h e  d i a l k a l i  m e t a l  s a l t  o f
2 , 2 ’ - b i s ( 4 - h y d r o x y p h e n y l ) p r o p a n e  ( b i s p h e n o l - A )  i n  a d i p o l a r
a p r o t i c  s o l v e n t  such  a s  d i m e t h y l  s u l f o x i d e  t o  g i v e  a phenoxy
p o l y m e r .  P o l y m e r i c  a r y l o x y  d e r i v a t i v e s  c o n t a i n i n g  cyano
g r o u p s  s h o u l d  a l s o  be a c h i e v e d  by r e p l a c i n g  t h e  c a r b o n y l
g r oup  w i t h  a cyano g r o u p .
C o n d e n s a t i o n  p o l y m e r s  c o n t a i n i n g  n i t r i l e  g r o u p s ,  such
a s  p o l y a r y l e t h e r  n i t r i l e ,  were  f i r s t  d i s c o v e r e d  by He a t h  and 
1  S f\W i r t h  i n  1973.  The se  p o l y m e r s  a r e  p r e p a r e d  f rom t h e  
r e a c t i o n  o f  a d i n i t r o b e n z e n e  c o n t a i n i n g  a cyano g roup  
d i r e c t l y  a t t a c h e d  t o  a b en ze ne  n u c l e u s ;  e . g . ,  2 , 4 -  o r  2 , 6 -  
d i n i t r o b e n z o n i t r i l e , w i t h  an a l k a l i  m e t a l  s a l t  o f  
b i s p h e n o l a t e s  and h y d r oxy  a r o m a t i c  compound o f  t h e  g e n e r a l  
f o r m u l a ,  Me+- 0 - R - 0 - +Me, i n  t h e  p r e s e n c e  o f  a d i p o l a r  a p r o t i c  
s o l v e n t ,  s uch  a s ,  d i m e t h y l  s u l f o x i d e  a s  shown i n  e q .  4 - 3 .
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CH2 (C N )2 _  ^CN
© - C H 2 -C1  >  ( p ^ C H ^ C H ^  ( e q .4 - 1 )
OH /P h a s e  CN
T r a n s fe r
( p ) - ch2 - c i
c ic h 2 - cn
OH /P h a s e  
T r a n s fe r
( p )-CH-CN
ch 2 - cn
( e q . i l —2 )
CN
(N02)2 + Me+ - 0 - R - 0 - +Me
CN
DMSO
0 — R —  0 ( e q . 4-3)
w h ere
Me
NO
R
+
d i v a l e n t  c a r b o c y c l i c  a r o m a t ic  r a d i c a l  
sod iu m  o r  p o ta s s iu m  . e t c .
g r o u p s  a r e  i n  t h e  2 , 4  o r  2 , 6 - p o s i t i o n s  
r e l a t i v e  t o  t h e  c y a n o  g r o u p .
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The p o l y m e r i c  compounds fo rmed  were  composed o f  t h e  
r e c u r r i n g  s t r u c t u r a l  u n i t s  where  t h e  - 0 - R - 0 -  g r o u p i n g  i s  
p o s i t i o n e d  o r t h o  o r  p a r a  t o  t h e  cyano  g r o u p s  ( T a b l e  4 - 1 ) .  
Copo lymers  w i t h  r e d u c e d  n i t r i l e  c o n t e n t s  can be p r o d u c e d  by 
p o l y c o n d e n s a t i o n  o f  b i s p h e n o l - A ,  2 , 6 - d i n i t r o b e n z o n i t r i l e , 
and 4 , 4 ' - d i c h l o r o d i p h e n y l  s u l f o n e  ( s e e  e xampl e  4 ,  T a b l e  
4 - 1 ) .
S e v e r a l  c o n d e n s a t i o n  p o l y m e r s  c o n t a i n i n g  t h e  n i t r i l e  
g r o u p s  have  been  p r e p a r e d  by O l a b i s i  and F a r n h a m ^ ^ .  The 
p r o c e d u r e  u se d  i n  making  t h e s e  p o l y m e r s  i s  c a r r i e d  o u t  by 
c o n d e n s i n g  2 , 6 - d i c h l o r o b e n z o n i t r i l e , 43  , w i t h  d i f f e r e n t  
d i p h e n o l  sodium s a l t s ,  f o r  i n s t a n c e ,  1 , 1 ' - b i s ( 4 - h y d r o x y - 3 , 5 -  
d i m e t h y l  p h e n y l )  c y c l o h a x a n e ;  2 , 2 ’ - b i s ( 4 - h y d r o x y p h e n y l ) - 2 -  
p h e n y l  e t h a n e ;  1 , 3 - b i s ( 4 - h y d r o x y p h e n y l ) - l - e t h y l  c y c l o h e x a n e ;  
2 ( 4 - h y d r o x y -  p h e n y l ) - 2 - [ 3 - ( 4 - h y d r o x y p h e n y l ) - 4 - m e t h y l  
c y c l o h e x y l ]  p r o p a n e ;  2 , 2 1 - b i s ( 4 - h y d r o x y - 3 , 5 - d i m e t h y l p h e n y l ) 
p r o p a n e ;  and 2 , 2 ’ - b i s ( 4 - h y d r o x y p h e n y l )  p r o p a n e ,  t o  y i e l d  
p o l y a r y l e t h e r  n i t r i l e  a s  shown i n  T a b l e  4 - 2 .
R e c e n t l y ,  p r e p a r a t i o n s  o f  t h e  p o l y a r y l e t h e r  n i t r i l e ,
p o l y [ o x y - l , 4 - p h e n y l e n e - ( 1 - m e t h y l e t h y l i d e n e ) - l , 4 -
p h e n y l e n e o x y - ( 2 - c y a n o ) - l , 3 - p h e n y l e n e ] ,  4 4  , f r om 2 , 2 ' - b i s ( 4 -
h y d r o x y p h e n y 1 ) p r o p a n e ,  2  , and 2 , 6 - d i c h l o r o b e n z o n i t r i l e ,
51 15843 , were  r e p o r t e d  ’ i n  t h e  p r e s e n c e  o f  N - m e t h y l - 2 -  
p y r r o l i d o n e  (NMP) a s  a d i p o l a r  a p r o t i c  s o l v e n t ,  t o g e t h e r  
w i t h  v a r i o u s  p o l y a r y l e t h e r  n i t r i l e s  a s  shown i n  T a b l e  4 - 3 .  
S i n c e  d i r e c t  r e d u c t i o n  o f  t h e  n i t r i l e  s u b s t i t u e n t s  o f  
p o l y ( a r y l e t h e r  n i t r i l e ) ,  44  , would a f f o r d  t h e  d e s i r e d
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T a b l e  4 - 2 .  P o l y ( a r y l e t h e r  n i t r i l e s )  Which Were P r e p a r e d
157by O l a b i s i  and Farnham
Polymer Repeat Unit
o
i 6 " ~
4 -  H € £ ■  °
r  T i 
- 0 — f— © - ” - 1 0 1 —
red" ~e^
o.6i 2 4 5
o.?4 185
0.77  198
0.76 212
0.94 280
0.69 170
T| re( j = T) Sp / C = r e d u c e d  s p e c i f i c  v i s c o s i t y  ( d l / g )  a t  25 °C.
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a m i n o m e t h y l a t e d  p o l y a r y l e t h e r , 45 , me thods  t o  e f f e c t  t h i s  
r e d u c t i o n  were  i n v e s t i g a t e d ^ ^ .
4 . 2 . 2  R e s u l t s  and D i s c u s s i o n
P o l y a r y l e t h e r , 4 4  , was p r e p a r e d  by u s i n g
NMP/Toluene/ I^COg p r o c e s s  (Scheme 4 - 4 )  and t h e  s t r u c t u r e  was
1 13c o n f i r m e d  t h r o u g h  t h e  H NMR, C NMR and i n f r a r e d  s p e c t r a
( F i g u r e  4 - 1 ,  4 - 2 ,  4 -3  r e s p e c t i v e l y ) .  IR a n a l y s i s  o f  a f i l m
of  p o l y ( a r y l e t h e r  n i t r i l e ) ,  44  , showed a s h a r p  peak  f o r
-CN s t r e t c h  a t  2200 cm The NMR s p e c t r u m  shown i n
F i g u r e  4 -1  can  be s e p a r a t e d  i n t o  two r e g i o n s ,  na me l y ,  a l ow-
f i e l d  q u a r t e t  p l u s  a d o u b l e t  o f  l i n e s  and a h i g h - f i e l d
s i n g l e t .  The l o w - f i e l d  d o u b l e t  o f  l i n e s ,  d e n o t e d  by b,
a r i s e s  f rom t h o s e  h y d r o g e n s  meta  t o  t h e  n i t r i l e  g r o u p ,  H^.
The q u a r t e t  can be c o n s i d e r e d  t o  be made up o f  a p a i r  o f
d o u b l e t s  c ,  d and su ch  a q u a r t e t  i s  v e r y  c h a r a c t e r i s t i c  of
p a r a - d i s u b s t i t u t e d  b e n z e n e s  where  t h e  s u b s t i t u e n t s  a r e
d i f f e r e n t .  P r o t o n  Hg i s  n o t  r e a d i l y  o b s e r v a b l e  b u t  i t s
p r e s e n c e  can  be a s c e r t a i n e d  f rom t h e  i n t e g r a t e d  s p e c t r u m  
13shown.  C NMR a s s i g n m e n t  i n  F i g u r e  4 - 2  i s  i n c l u d e d  i n  
T a b l e  4 - 4 .
I t  was shown t h a t  c y a n o e t h y l  c e l l u l o s e  can  be r e d u c e d  
t o  a m i n o p r o p y l  c e l l u l o s e  u s i n g  b o r a n e  c o m p l e x e s ,  such  as  
b o r a n e - d i m e t h y l  s u l f i d e  o r  b o r a n e - t e t r a h y d r o f u r a n  
c o m p l e x e s ^ ^ ^ .  However ,  p o l y ( a r y l e t h e r  n i t r i l e ) ,  44  , c o u l d  
n o t  be r e d u c e d  u n d e r  s i m i l a r  c o n d i t i o n s  ( T a b l e  4 - 5 ) .  The 
more p o w e r f u l  r e d u c i n g  a g e n t ,  l i t h i u m  a luminum h y d r i d e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Scheme 4
133
•4.  P r e p a r a t i o n  o f  P o l y ( a r y l e t h e r  n i t r i l e ) ,  44 , 
and A m i n o m e t hy l a t e d  P o l y ( a r y l e t h e r  a m i n e ) ,  45,
HO OH +  Cl □ Cl
NMP, K2 C03 
Toluene, 170 C, 4hr.
44
LIAIH4 , THF 
24hr, (fC
CH2NH2
45
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T a b l e  4 - 5 .  R e d u c t i o n  o f  P o l y a r y l e t h e r  N i t r i l e ,  4 4 .
Solvent Reducing Agent Temperature 
(°  C)
Time
(h r)
Remarks
THF (CH3 ) 2 S.BH3  in  THF 80 0.25 No reduction
diglyme NaBH^  /  A1C13 bt r  ; re flu x 3; 3 No reduction
ch2c i2 (n-Bu4 )NBH4 re flu x 18
g
No reduction
THF bh3 .thf 1 0 0 1 2
£
Degradation
THF LiAlH4.THF 0 24 Complete Re­
duction with
degradation 0
a : From IR spectrum 
b : room tem perature 
c : From the  in t r in s ic  v isco s ity
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(LiAlH^)  was r e q u i r e d  t o  e f f e c t  t h e  r e d u c t i o n  o f  t h e
e n c h a i n e d  b e n z o n i t r i l e . A s i m i l a r  r e d u c t i o n  of
p o l y ( m e t h a c r y l o n i t r i l e )  w i t h  LiAlH^ h as  j u s t  been r e p o r t e d ,
b u t  t h e  a u t h o r s  were  n o t  a b l e  t o  remove t h e  i n o r g a n i c  s a l t s
161form t h e i r  p r o d u c t  . A d d i t i o n  o f  a THF s o l u t i o n  o f  4 4  t o
a s o l u t i o n  o f  LiAlH^ i n  THF p r o d u c e d  a homogeneous  r e a c t i o n
m i x t u r e ,  b u t  w i t h i n  one ho u r  t h e  r e d u c e d  p r o d u c t s  began  t o  
p r e c i p i t a t e .  Thus ,  h i g h  d i l u t i o n  and e x t e n d e d  r e a c t i o n  
t i m e s  were  us ed  t o  a s s u r e  c o m p l e t e  r e d u c t i o n ;  i . e . ,  t h e  
r e a c t i o n  was c o n d u c t e d  i n  a l a r g e  e x c e s s  o f  THF, and t h e  
s t i r r e d  s l u r r y  was m a i n t a i n e d  a t  25 °C f o r  24 h r s  (Scheme 4 -  
4 ) .  I s o l a t i o n  and p u r i f i c a t i o n  o f  t h e  d e s i r e d  p r o d u c t ,  
p o l y [ o x y - l , 4 - p h e n y l e n e - ( l - m e t h y l e t h y l i d e n e ) - 1 , 4 -  
p h e n y l e n e o x y - ( 2 - a m i n o m e t h y l ) - l , 3 - p h e n y l e n e ] ,  4 5  , was 
c o m p l i c a t e d  by t h e  f o r m a t i o n  o f  p o ly a m i n e  m e t a l  c o mp l ex es  
and a g e l a t i n o u s  p r e c i p i t a t e  o f  h y d r o x i d e s .  The m u l t i s t e p  
i s o l a t i o n  p r o c e d u r e  r e q u i r e d  t o  f r e e  t h e  p o l y a m i n e  o f  m e t a l
i o n s  r e d u c e d  t h e  a c t u a l  y i e l d s  o f  4 5  t o  a b o u t  70%.
The p r e s e n c e  o f  p r i m a r y  amine  s u b s t i t u e n t s  was 
c o n f i r m e d  by a p o s i t i v e  n i n h y d r i n  t e s t ;  i n f r a r e d  s p e c t r a  
( F i g u r e  4 - 4 )  i n d i c a t e d  t h a t  t h e  r e d u c t i o n  o f  cyano  g r o u p s  
was c o m p l e t e  ( a b s e n c e  o f  t h e  -CN s t r e t c h  a t  2200 cm ~^)  
( F i g u r e  4 - 5 ) .  The e x t e n t  o f  r e d u c t i o n  was d e t e r m i n e d  
q u a n t i t a t i v e l y  by p o t e n t i o m e t r i c  t i t r a t i o n .  T i t r a t i o n  was 
c o n d u c t e d  on 100 mg o f  4 5  t h a t  had been  s o a ke d  i n  1 0 . 0  ml of  
0 . 1  N HC1 and 6 . 0  ml o f  m e t h a n o l  f o r  24 h r s .  The r e s i d u a l  
HC1 was back  t i t r a t e d  w i t h  0 . 0 9 7 4  N NaOH and o n l y  0 . 7 7
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F i g u r e  4 - 5 .  FT-IR s p e c t r a  o f  p o l y ( a r y l e t h e r  n i t r i l e ) ,  44 ( F i l m ,  da sh  
l i n e ) ;  and p o l y ( a m i n o r a e t h y l a r y l  e t h e r ) ,  45 , (KBr,  s o l i d
l i n e ) .
It
/I
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CH2 NH2  g r o u p s / r e p e a t i n g  u n i t  were  d e t e c t e d  ( F i g u r e  4 - 6 ) .
Both 4 4  and 4 5  were  s o l u b l e  i n  c h l o r o f o r m ;  t h e  i n t r i n s i c
v i s c o s i t i e s  o f  t h e  p o l y ( a r y l e t h e r  n i t r i l e ) ,  4 4  , and t h e
p o l y a r y l e t h e r  amine  4 5  , were  0 . 5 9  and 0 . 3 0  d l / g
r e s p e c t i v e l y .  T h u s ,  t h e  r e d u c t i o n  a p p e a r e d  t o  be
a cc omp an ied  by some c h a i n  c l e a v a g e .
The NMR i s  shown i n  F i g u r e  4 - 7 .  The s p e c t r u m
e x h i b i t e d  two h i g h - f i e l d  s i n g l e t s  a t  1 . 6 7  and 3 . 9 1  ppm. The
s i n g l e t  a t  1 . 6 7  ppm i s  made up o f  h y d r o g e n s  o f  b o t h  NH^ and
Cllg, which  can  be a s c e r t a i n e d  f rom t h e  i n t e g r a t e d  s p e c t r u m
shown.  The s i n g l e t  a t  3 . 9 1  ppm c o n s t i t u t e s  t h e  m e t h y l e n e
13( CH_2 ) g r o u p .  The C NMR s p e c t r u m  i s  shown i n  F i g u r e  4 - 8  
and t h e  a s s i g n m e n t  i s  i n c l u d e d  i n  T a b l e  4 - 4 .
4 . 3  R e a c t i v i t y  o f  p o l y [ o x y - 1 , 4 - p h e n y l e n e - ( 1 - m e t h y l -  
e t h y l i d e n e ) - l , 4 - p h e n y l e n e o x y - ( 2 - a m i n o m e t h y l )
- 1 , 3 - p h e n y l e n e ] ,  4 5  , an amine  f u n c t i o n a l i z e d  
p o l y a r y l  e t h e r
The p r i m a r y  amine  f u n c t i o n a l i t y  o f  4 5  i s  a v e r s a t i l e  
p r e c u r s o r  f o r  t h e  s y n t h e s i s  o f  a wide  v a r i e t y  o f  f u n c t i o n a l  
p o l y m e r s .  The c h e m i c a l  p r o p e r t i e s  o f  4 5  can be i l l u s t r a t e d  
by d e r i v a t i z a t i o n . R e a c t i o n  o f  p o l y a r y l e t h e r  amine  4 5  w i t h  
m e t h y l  i o d i d e  p r o d u c e d  a q u a n t i t a t i v e  c o n v e r s i o n  t o  t h e  
c o r r e s p o n d i n g  t r i m e t h y l  p o l y q u a t e r n a r y  ammonium s a l t .  
T r e a t m e n t  o f  t h e  p o l y a r y l e t h e r  amine  4 5  w i t h  c a r b o n  
d i s u l f i d e  (CS 2 ) i n  40% a q ue o u s  sodium h y d r o x i d e  y i e l d e d  a
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p o l y ( sodium d i t h i o c a r b a m a t e  s a l t ) ,  49 .  A p h o t o c r o s s l i n k a b l e  
f i l m  c o n t a i n i n g  an u n s a t u r a t e d  e s t e r  f u n c t i o n a l i t y  was 
p r o d u c e d  when p o l y a r y l e t h e r  amine 45 was a l l o w e d  t o  r e a c t  
w i t h  i s o c y a n a t o e t h y 1 m e t h a c r y l a t e .  Th us ,  t h e  p o l y a r y l e t h e r  
a mi ne ,  45 ,  does  e x h i b i t  t h e  n u c l e o p h i l i c  p r o p e r t i e s  
e x p e c t e d .
4 . 3 . 1  Q u a t e r n i z a t i o n
P o l y m e r i c  q u a t e r n a r y  ammonium s a l t s  a r e  o f  p r a c t i c a l
i m p o r t a n c e .  Q u a t e r n i z a t i o n  o f  h i g h l y  c r o s s - l i n k e d
c h l o r o m e t h y l a t e d  p o l y s t y r e n e  i s  a w e l l  known method f o r  t h e
p r e p a r a t i o n  o f  i o n - e x c h a n g e  r e s i n s  c a p a b l e  o f  s e p a r a t i o n  and
p u r i f i c a t i o n  o f  m e t a l  i o n s .  On t h e  o t h e r  h an d ,  i f
c h l o r o m e t h y l a t e d  po lymer  i s  s o l u b l e  t h e  f i n a l  p r o d u c t  i s
c l a s s i f i e d  a s  a p o l y e l e c t r o l y t e . R e s e a r c h  i n  t h e
p o l y e l e c t r o l y t e  p r o p e r t i e s  o f  q u a t e r n a r y  ammonium s a l t s  ha s
162g a i n e d  t r e m e n d o u s  a t t e n t i o n  i n  t h e  l a s t  two d e c a d e s
P o l y e l e c t r o l y t e s  a r e  c l a s s i f i e d  i n t o  t h r e e  main g r o u p s  :
a m p h o t e r i c ,  a n i o n i c  and c a t i o n i c  , d e p e n d i n g  upon t h e  n a t u r e
o f  t h e  r e s i d u a l  c h a r g e  on t h e  p o l y m e r .  The mos t  v e r s a t i l e
and u s e f u l  p o l y e l e c t r o l y t e s  a r e  t h e  c a t i o n i c s ,  o f  which
p o l y m e r i c  q u a t e r n a r y  ammonium s a l t s  a r e  t h e  mos t  common.
They c an  be s u c c e s s f u l l y  a p p l i e d  t o  t h e  p u r i f i c a t i o n  o f
163w a t e r  u s ed  by t h e  e n e r g e t i c s  i n d u s t r y  , t o  h y d r o m e t a l l u r g y  
( f l o a t a t i o n  o f  o r e s )  and t h e  t e x t i l e  i n d u s t r y  ( m o d i f i c a t i o n  
o f  t e x t i l e  s u r f a c e s ) ,  a s  o i l  a d d i t i v e s ,  o i l  r e f i n i n g  
p r o d u c t s ,  s o a p s ,  shampoo,  and c o s m e t i c  p r o d u c t s .
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a .  I n t r o d u c t i o n
I t  i s  known t h a t  t h e  q u a t e r n a r y  ammonium s a l t s  a r e
u s u a l l y  o b t a i n e d  by n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s
be t ween  t e r t i a r y  a mi n e s  and h a l o g e n a t e d  compounds .  I t  ha s
been  shown t h a t  t h e s e  r e a c t i o n s  can  a l s o  be u s ed  t o  o b t a i n
q u a t e r n a r y  ammonium p o l y m e r s .  S y n t h e s i s  o f  q u a t e r n a r y
ammonium p o l y me r s  can  be a c h i e v e d  e i t h e r  by t r e a t m e n t  o f
c h l o r o m e t h y l a t e d  p o l y m e r s  w i t h  v a r i o u s  a m i n e s ,  o r  by a d d i n g
a l k y l  h a l i d e s  t o  p o l y m e r i c  a m i n e s .  The p r e p a r a t i o n  and
s t u d y  o f  c a t i o n i c  p o l y e l e c t r o l y t e s  have  been  o f  c o n s i d e r a b l e
164i n t e r e s t  m  r e c e n t  y e a r s
S i n c e  t h e  q u a t e r n i z a t i o n  o f  t r i e t h y l a m i n e  w i t h  e t h y l
163i o d i d e  was f i r s t  s t u d i e d  by M e n s c h u t k i n  , e x t e n s i v e  
k i n e t i c  i n v e s t i g a t i o n s  have  e s t a b l i s h e d  t h e  b a s i c  c o n d i t i o n s  
g o v e r n i n g  an S ^  r e a c t i o n  b e t wee n  two n e u t r a l  s p e c i e s  t o  
fo rm a c h a r g e d  p r o d u c t .  Q u a t e r n i z a t i o n  i s  i r r e v e r s i b l e  
u n de r  n or ma l  e x p e r i m e n t a l  c o n d i t i o n s .  Only t h e  k i n e t i c a l l y  
f a v o r e d  p r o d u c t s  a r e  o b t a i n e d  and t h e  r e a c t i o n  a f f o r d s  a 
r e l a t i v e l y  s e n s i t i v e  p r o b e  i n t o  t h e  i n f l u e n c e  o f  po lymer  
back bo n e  on r a t e s  o f  po lymer  r e a c t i o n s .  The r e a c t i v i t y  o f  
f u n c t i o n a l  g r o u p s  a t t a c h e d  t o  a po l ymer  c h a i n  was g e n e r a l l y  
assumed by F l o r y * ^  t o  be e q u i v a l e n t  t o  t h a t  o f  low 
m o l e c u l a r  w e i g h t  a n a l o g s .  However ,  t h e  q u a t e r n i z a t i o n  r a t e s  
o f  r e a c t i o n s  i n v o l v i n g  p o l y m e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
f rom t h o s e  o f  t h e  c o r r e s p o n d i n g  low m o l e c u l a r  w e i g h t  a n a l o g s  
b e c a u s e  d i s t i n c t  d i f f e r e n c e s  i n  r a t e  p r o f i l e s  a r e  o b s e r v e d  
when r e a c t i o n s  on po l ymer  s u b s t r a t e s  a r e  c o n d u c t e d .
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a . l  Q u a t e r n i z a t i o n  o f  C h l o r o m e t h y l a t e d  Po l y m e r s  w i t h  
Amines
Most  q u a t e r n a r y  a m mo n iu m - c o n t a i n i n g  r e s i n s  p r e p a r e d  by
t h i s  method a r e  p r o d u c e d  by p o l y m e r i z a t i o n  o f  an a p p r o p r i a t e
a s u b s t i t u t e d  v i n y l  monomer,  namely s t y r e n e .  The p r o d u c t i o n
o f  q u a t e r n a r y  ammonium s a l t  on a p o l y s t y r e n e  m a t r i x  was
167r e p o r t e d  i n i t i a l l y  by J o n e s  . Q u a t e r n i z a t i o n  of
c h l o r o m e t h y l a t e d  p o l y s t y r e n e  w i t h  t e r t i a r y  a mi n e s  and
t e r t i a r y  a mi ne s  c o n t a i n i n g  h y d r o x y l i c  g r o u p s  h a s  been
168—173r e p o r t e d  by s e v e r a l  r e s e a r c h  g r o u p s  . The s y n t h e s i s
may be a c h i e v e d  a s  o u t l i n e d  i n  Scheme 4 - 5 .
To f i n d  t h e  o p t i m a l  c o n d i t i o n s  o f  a m i n a t i o n ,  t h e  
i n f l u e n c e  o f  t h e  s o l v e n t  and a mi ne s  on t h e  c h e m i c a l  
c o n v e r s i o n  mus t  be i n v e s t i g a t e d .  The r a t e  p r o f i l e s  were  
i n d e e d  s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  n a t u r e  o f  a mi n e s  and 
t h e  r e a c t i o n  m e d i a .  Some c a s e s  were  o b s e r v e d  t o  c on fo rm t o  
s i m p l e  s e c o nd  o r d e r  r e a c t i o n  r a t e  l a w s ,  b u t  s l i g h t  
v a r i a t i o n s  i n  t h e  r e a c t i o n  c o n d i t i o n s  p r o d u c e d  e i t h e r  
d e c e l e r a t i o n s  o r  a c c e l e r a t i o n s  a s  q u a t e r n i z a t i o n  p r o c e e d e d .  
T h i s  s e n s i t i v i t y  o f  t h e  r a t e  p r o f i l e s  t o  r e a c t i o n  med ia  and 
n u c l e o p h i l i c  s t r u c t u r e  c o m p l i c a t e s  a s s e s s m e n t  o f  " p o l y m e r i c  
e f f e c t s " .  The se  " p o l y m e r i c  e f f e c t s "  can  be a t t r i b u t e d  t o  
many f a c t o r s  i n c l u d i n g :  s t e r i c  e f f e c t s ,  n e i g h b o r i n g  g r oup  
e f f e c t s ,  t h e  i n f l u e n c e  o f  an e l e c t r o s t a t i c  f i e l d ,  and 
c o n f o r m a t i o n a l  c h a n g e s  o f  t h e  p o l yme r  c h a i n  d u r i n g  t h e  
r e a c t i o n .  The m a jo r  f a c t o r s  c a u s i n g  r a t e  d e v i a t i o n  f rom 
n o rm a l  s e c o nd  o r d e r  k i n e t i c s  i n  q u a t e r n i z a t i o n  o f  p o l y m e r i c
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4 - 5 .  Q u a t e r n i z a t i o n  o f  C h lo r o m e th y la te d  P o l y s t y r e n e  
w ith  T e r t i a r y  Amines and T e r t i a r y  Amines  
C o n t a i n i n g  H y d r o x y l i c  Groups .
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s y s t e m s  w i t h  f l e x i b l e  h y d r o c a r b o n  b a ck b o n e s  a r e  l i m i t e d  t o
1 7 4  1 7 Ss t e r i c  , e l e c t r o s t a t i c  f i e l d  and h y d r o p h i l i c  e f f e c t s  .
The i n f l u e n c e  of  b a ckbone  r i g i d i t y  o r  p o l a r i t y  c o u l d  n o t  be
a s c e r t a i n e d .
S t udy  o f  q u a t e r n i z a t i o n  o f  s t i f f e r  p o l y m e r s ;  i . e .  
c h l o r o m e t h y l a t e d  c o n d e n s a t i o n  p o l y m e r s ,  such  a s  
c h l o r o m e t h y l a t e d  p o l y s u l f o n e  2 1  , s e r v e d  t o  e s t a b l i s h  t h e  
r o l e  t h a t  po lymer  s t r u c t u r e  p l a y s  i n  t h e  k i n e t i c  b e h a v i o r .  
A mi n a t io n  o f  c h l o r o m e t h y l a t e d  c o n d e n s a t i o n  p o l y m e r s  w i t h  
d i f f e r e n t  h y d r o x y a l k y l  t e r t i a r y  a mi ne s  and t e r t i a r y  ami nes  
h a s  been  e x t e n s i v e l y  s t u d i e d  by Daly e t  a l ^ ’ ^ ^ .  An 
e x c e l l e n t  c h l o r o m e t h y l a t e d  d i f u n c t i o n a l  model  o f  a 
p o l y s u l f o n e  s e g m e n t ,  1 0 , t h a t  s h o u l d  be s e n s i t i v e  t o  
n e i g h b o r i n g  g roup  e f f e c t s ,  was s y n t h e s i z e d  t o  r e p l a c e  b e n z y l  
c h l o r i d e ,  which  i s  u s u a l l y  s e l e c t e d  a s  t h e  model  f o r  
c h l o r o m e t h y l a t e d  p o l y m e r s ^ ^ .
Q u a t e r n i z a t i o n  o f  model  1 0  p r o c e e d e d  t o  c o m p l e t i o n  
w i t h  no d e v i a t i o n  f rom s e c on d  o r d e r  k i n e t i c s .  
C h l o r o m e t h y l a t e d  p o l y s u l f o n e  21 e x h i b i t e d  d i f f e r e n t  k i n e t i c  
b e h a v i o r  i n  q u a t e r n i z a t i o n ;  t h e  q u a t e r n i z a t i o n  of  
p o l y s u l f o n e  p r o c e e d e d  l e s s  and l e s s  r a p i d l y  a s  t h e  d e g r e e  o f  
c o n v e r s i o n  i n c r e a s e d .  From t h e  e x p e r i m e n t a l  r e s u l t s ^ " * ^ , i t  
was c l e a r  t h a t  t h e  r a t e  r e t a r d a t i o n  r e l a t i v e  t o  t h a t  
p r e d i c t e d  by s ec on d  o r d e r  k i n e t i c s  i s  n o t  due t o  s t e r i c  
h i n d r a n c e ,  t h e  d e g r e e  o f  c h l o r o m e t h y l a t i o n  on t h e  po lymer  
c h a i n ,  o r  an added e l e c t r o l y t e  e f f e c t ;  t h e r e f o r e ,  t h e  
po lymer  backbone  mus t  p l a y  an i m p o r t a n t  r o l e  i n  t h e
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q u a t e r n i z a t i o n  o f  c h l o r o m e t h y l a t e d  p o l y s u l f o n e  which  i s  
composed of  a s e q u e n c e  o f  s t i f f  a r y l  u n i t s .  The f l e x i b i l i t y  
o f  a g i v e n  po lymer  i s  d e r i v e d  f rom t h e  f r ee d om  o f  i n t e r n a l  
r o t a t i o n  o f  bonds  i n  t h e  main c h a i n .  D u r i n g  q u a t e r n i z a t i o n  
o f  c h l o r o m e t h y l a t e d  p o l y m e r s ,  t h e  p o s i t i v e  c h a r g e  d e n s i t y  
g r a d u a l l y  i n c r e a s e s  on t h e  po ly me r  c h a i n .  I n c r e a s i n g  c h a r g e  
r e p u l s i o n  be tween  s u b s t i t u e n t s  c an  be accommodated by c h a i n  
e x p a n s i o n  up t o  a l i m i t  c o n t r o l l e d  by t h e  c h a i n  l e n g t h .
When t h e  c h a i n  i s  e x t e n d e d  f u l l y ,  i n t r o d u c i n g  o f  a d d i t i o n a l  
c h a r g e  i s  a cc omp an i ed  by i n c r e a s e d  c h a r g e  r e p u l s i o n ,  and 
t h u s  a h i g h e r  e n e r g y  o f  a c t i v a t i o n  i s  r e q u i r e d .
I f  t h e  f l e x i b i l i t y  o f  t h e  po l ymer  c h a i n  i s  r e d u c e d ,  
t h e  t e n d e n c y  t o  s t a b i l i z e  t h e  c h a r g e s  by f o r m i n g  p o l a r  and 
n o n - p o l a r  domains  m i s t  d e c r e a s e .  R e t a r d a t i o n  o f  
s u b s t i t u t i o n  r a t e s  o c c u r s  b e c a u s e  t h e  r e s u l t a n t  p r o d u c t  mus t  
be fo rmed  i n  a n o n - p o l a r  e n v i r o n m e n t  and s t a b i l i z a t i o n  t h r u  
s o l v a t i o n  i s  r e s t r i c t e d .  Thus ,  a c c e s s i b i l i t y  o f  a c t i v e  
s i t e s  i s  n o t  t h e  d o m i n a n t  f a c t o r  i n  d e t e r m i n i n g  r e a c t i v i t y .
a . 2 Q u a t e r n i z a t i o n  o f  P o l y m e r i c  Amines w i t h  A l k y l  
H a l i d e s
C a t i o n i c  p o l y e l e c t r o l y t e s  b a s e d  on p o l y ( 4 - v i n y l -
p y r i d i n e )  c o u l d  be p r e p a r e d  i n  one s t e p  by t h e  s p o n t a n e o u s
176—178p o l y m e r i z a t i o n  o f  4 - v i n y l p y r i d i n e  by a l k y l  h a l i d e s  
T h es e  r e a c t i o n s  were  r e p o r t e d  t o  r e s u l t  i n  t h e  f o r m a t i o n  of  
p o l y ( 4 - v i n y 1 - N - a l k y l p y r i d i n i u m )  s a l t s  w i t h  no f o r m a t i o n  o f  
monomeric  s a l t s .  S i m i l a r  s p o n t a n e o u s  p o l y m e r i z a t i o n s  were 
r e p o r t e d  t o  o c c u r  when s t r o n g  a c i d s  were  r e a c t e d  w i t h
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4 - v i n y l p y r i d i n e  p r o d u c i n g  t h e  p r o t o n a t e d  s a l t s  o f  p o l y ( 4 -
v i n y l p y r i d i n e ) . The mechani sm o f  i n i t i a t i o n  o f  t h e s e
p o l y m e r i z a t i o n s  had been  r e p o r t e d  t o  r e s u l t  f rom t h e  a t t a c k
o f  t h e  a n i o n i c  c o u n t e r i o n  o f  t h e  i n i t i a l l y  f o r m e d ,  u n s t a b l e
monomeric  s a l t  which  y i e l d e d  an a n i o n i c  c a r b o n  c a p a b l e  o f
f u r t h e r  a t t a c k  ( p r o p a g a t i o n )  on o t h e r  c a t i o n i c ,  monomer ic
s a l t s  ( a s  shown i n  Scheme 4 - 6 ) .
P o l y ( v i n y l p y r i d i n e ) , can be q u a t e r n i z e d  by t h e
a d d i t i o n  o f  a l k y l  h a l i d e ,  b u t  s i m p l e  s e c o nd  o r d e r  k i n e t i c s
do n o t  a p p l y  t o  t h i s  r e a c t i o n  s y s t e m .  I n  t h e  i n i t i a l  s t a t e ,
a mi ne s  a r e  q u a t e r n i z e d  by s i m p l e  s ec on d  o r d e r  k i n e t i c s ,  b u t
t h e  r a t e  b e g i n s  t o  d e c r e a s e  m a r k e d l y  a f t e r  20 -30  mole% of
t h e  p y r i d i n e  n i t r o g e n  h as  been  q u a t e r n i z e d .  T h i s  d e v i a t i o n
f rom t h e  s econd  o r d e r  k i n e t i c s  was r e p o r t e d  by F u os s  e t  
179a l .  u s i n g  an e x t e n s i v e  s e r i e s  o f  model  compounds t o
q u a t e r n i z e  w i t h  n . - b u t y l  b r o m i d e .  They c o n c l u d e d  t h a t  t h i s
d e v i a t i o n  was i n f l u e n c e d  by t h e  e l e c t r o s t a t i c  e f f e c t
p r o d u c e d  a t  t h e  s i t e  o f  t h e  s ec on d  n i t r o g e n  by t h e  p o s i t i v e
c h a r g e  on t h e  i n i t i a l l y  q u a t e r n i z e d  p y r i d i n e  n i t r o g e n .
R e t a r d a t i o n  d u r i n g  q u a t e r n i z a t i o n  o f  p o l y v i n y l p y r i d i n e
w i t h  a s e r i e s  o f  a l k y l  h a l i d e s  was a l s o  r e p o r t e d  by Boucher  
180and c o w o r k e r s  . F o l l o w i n g  a d e t a i l e d  n e i g h b o r i n g  g roup  
a n a l y s i s ,  i n c l u d i n g  k i n e t i c  and v i s c o m e t r i c  s t u d i e s  d u r i n g  
r e a c t i o n ,  t h e y  c o n c l u d e d  t h a t  t h e  f a c t o r s  l e a d i n g  t o  r a t e  
r e t a r d a t i o n  i n c l u d e d  a s h o r t  r a n g e  n e i g h b o r i n g  g r o up  e f f e c t  
imposed  by s t e r i c  h i n d r a n c e ,  and a g l o b a l  e l e c t r o s t a t i c  
e f f e c t  a s  t h e  po l ymer  m o l e c u l e s  i n i t i a l l y  expand  and t h e n
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c o n t r a c t  a s  t h e  po lymer  s o l v e n t  i n t e r a c t i o n  becomes l e s s  
f a v o r a b l e .
b.  R e s u l t s  and D i s c u s s i o n
The me t hods  a v a i l a b l e  f o r  d i r e c t  q u a t e r n i z a t i o n  o f  
p r i m a r y  o r  s e c o n d a r y  a mi n e s  w i t h  an a l k y l a t i n g  a g e n t ,  such  
a s  a l k y l  h a l i d e ,  i n v o l v e s  t h e  l i b e r a t i o n  o f  h y d r o h a l i c  a c i d  
which  combi nes  w i t h  t h e  r e a c t a n t  a mi ne s  t o  form a m i x t u r e  of  
amine  h y d r o h a l i d e  s a l t s .  C o n s e q u e n t l y ,  v e r y  low 
c o n c e n t r a t i o n s  o f  f r e e  a mi ne s  r e m a i n  f o r  s u b s e q u e n t  
a l k y l a t i o n .  I n o r g a n i c  b a s e s ,  such  a s  sod ium h y d r o x i d e  o r  
sodium c a r b o n a t e ,  a r e  g e n e r a l l y  u s ed  a s  t h e  p r o t o n  a c c e p t o r s  
t o  b i n d  t h e  h y d r o h a l i c  a c i d  g e n e r a t e d  a s  t h e  r e a c t i o n  
p r o c e e d s  i n  o r d e r  t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  o f  t h e  f r e e  
a m i n e s .  The f r e e  a mi n e s  a r e  t h u s  l i b e r a t e d  f rom t h e i r  
h y d r o h a l i d e  s a l t s ,  and t h e  e q u i l i b r i u m  i s  s h i f t e d  t owar d  
c o m p l e t e  a l k y l a t i o n .  However ,  t h e  h a r s h  r e a c t i o n  
c o n d i t i o n s ,  i . e .  p r o l o n g e d  h e a t i n g  o f  s t r o n g l y  b a s i c  and 
g e n e r a l l y  h e t e r o g e n e o u s  r e a c t i o n  m i x t u r e s ,  g i v e  r i s e  t o  
u n d e s i r a b l e  s i d e  r e a c t i o n s  and c o n s e q u e n t l y  low y i e l d s .  
A p p l i c a t i o n  o f  t h i s  t e c h n i q u e  i s  l i m i t e d  t o  b o t h  a mi n e s  and 
a l k y l a t i n g  a g e n t s  which  a r e  t h e r m a l l y  s t a b l e  and i n s e n s i t i v e  
t o  s t r o n g  i n o r g a n i c  b a s e s .  Hence ,  q u a t e r n i z a t i o n  o f  t h e  
p o l y a r y l e t h e r  amine  45;  which  i s  d e g r a d e d  by s t r o n g  b a s e s ,  
mus t  be c o n d u c t e d  u n d e r  more m o d e r a t e  c o n d i t i o n s .
R e c e n t l y ,  a n h y d r o u s  p o t a s s i u m  b i c a r b o n a t e  was u s ed  a s  
an a c i d  a c c e p t o r  f o r  q u a t e r n i z a t i o n  o f  amino g r o u p s  by Chen
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181and B e n o i t o n  . S i n c e  t h e  p r o c e d u r e  c an  be c o m p l e t e d  a t
room t e m p e r a t u r e  w i t h i n  a few h o u r s ,  i t  s h o u l d  p r o d u c e  good
y i e l d s  w i t h  m i n i m a l  u n d e s i r a b l e  s i d e - r e a c t i o n s .
Q u a n t i t a t i v e  q u a t e r n i z a t i o n  o f  45 w i t h  m e t h y l  i o d i d e
was e f f e c t e d  a t  room t e m p e r a t u r e  w i t h i n  24 h o u r s  i n  m e t h a n o l
u s i n g  a n h y d r o u s  powdered  p o t a s s i u m  b i c a r b o n a t e  a s  t h e  p r o t o n  
181a c c e p t o r  . P o l y [ o x y - 1 , 4 - p h e n y l e n e - ( 1 - m e t h y l -
e t h y l i d e n e ) l , 4 - p h e n y l e n e - o x y - ( 2 - t r i m e t h y l a m m o n i u m  m e t h y 1 ) -
1 , 3 - p h e n y l e n e ] ,  46 , w i t h  an i n t r i n s i c  v i s c o s i t y  = 0 . 7 0  d l / g
i s  formed (Scheme 4 - 7 ) .  I f  v i s c o s i t y  we r e  m e as u r e d  i n  t h e
p r e s e n c e  o f  a m e t h a n o l  s o l u b l e  s a l t ,  a s t r a i g h t  l i n e  would
be o b t a i n e d  which  c o u l d  be e x t r a p o l a t e d  t o  t h e  p r o p e r
i n t r i n s i c  v i s c o s i t y .  For  e x a m p l e ,  when s a l t  (NaCl )  was
182added  t o  a s s u r e  " i s o i o n i c ” d i l u t i o n  , t h e  v i s c o s i t y  p l o t s  
became l i n e a r  and t h e  v a l u e s  o f  i n t r i n s i c  v i s c o s i t y  c o u l d  be 
o b t a i n e d * * * .  The q u a t e r n i z a t i o n  was c a r r i e d  o u t  by 
s u s p e n d i n g  t h e  p o l y a r y l e t h e r  amine  45 i n  m e t h a n o l  a t  room 
t e m p e r a t u r e  w i t h  10 m o l a r  e x c e s s  o f  m e t h y l  i o d i d e .  With 
c o n t i n u o u s  s t i r r i n g ,  t h e  m e t h y l  i o d i d e  d i f f u s e s  s l o w l y  i n t o  
t h e  po ly me r  m a t r i x ,  which  s w e l l s  a s  a l k y l a t i o n  p r o c e e d s  
u n t i l  a c l e a r ,  v i s c o u s  s o l u t i o n  f o r m s .  The m e t h a n o l  s o l v e n t  
and e x c e s s  m e t h y l  i o d i d e  can  be removed e a s i l y  e i t h e r  by 
s t r i p p i n g  w i t h  h o t  a i r  o r  i n  vacuo  u s i n g  a r o t a t i n g  
e v a p o r a t o r .  The q u a t e r n i z e d  po l ymer  46 i s  s o l u b l e  i n  
m e t h a n o l  and DMSO, b u t  i n s o l u b l e  i n  w a t e r .  Thus ,  
p u r i f i c a t i o n  o f  t h e  p r o d u c t  can  be e a s i l y  e f f e c t e d  by 
r e d i s s o l u t i o n  i n  m e t h a n o l  and r e p r e c i p i t a t i o n  i n t o  w a t e r .
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E l e m e n t a l  a n a l y s i s  o f  i o d i d e  c o n t e n t  on t h e  p o l y ( q u a t e r n a r y  
s a l t ) ,  35 , showed t h a t  a p p r o x i m a t e l y  80% o f  t h e  
a m i n o m e t h y l a t e d  p o l ymer  was q u a t e r n i z e d .  Anhydrous  
p o t a s s i u m  b i c a r b o n a t e  (KHCO^) was f ound  t o  be a q u i t e  
s a t i s f a c t o r y  p r o t o n  a c c e p t o r .  No f u r t h e r  work was done w i t h  
o t h e r  b a s e s  a s  p r o t o n  a c c e p t o r s .
The p r e s e n c e  o f  t h e  t r i m e t h y l  ammonium s a l t ,  4 6  , was
c o n f i r m e d  by t h e  NMR as  shown i n  F i g u r e  4 - 9 .  The
s p e c t r u m  e x h i b i t e d  t h r e e  h i g h - f i e l d  s i n g l e t s  a t  1 . 7 2 ,  3 . 3 0
and 4 . 8 1  ppm. The s i n g l e t s  a t  1 . 72  and 3 . 3 0  ppm
c o r r e s p o n d e d  t o  m e t h y l  h y d r o g e n s  f rom — C( CII^ ) 2  anc* “ ^ ^ —3 ^ 3
r e s p e c t i v e l y .  The s i n g l e t  a t  4 . 8 1  ppm c o n s t i t u t e s  t h e
13m e t h y l e n e  (CH^) g r o u p .  C NMR s p e c t r u m  i s  shown i n  F i g u r e  
4 - 10  and t h e  a s s i g n m e n t  i s  i n c l u d e d  i n  T a b l e  4 - 4 .
F i g u r e  4-11 shows t h e  p l o t  o f  r e d u c e d  v i s c o s i t y  
a g a i n s t  c o n c e n t r a t i o n  o f  p o l y a r y l e t h e r  amine  4 5  ( c u r v e  1) 
and p o l y ( q u a t e r n a r y  ammonium s a l t )  4 6  ( c u r v e  2 ) .  The 
v i s c o s i t y  b e h a v i o r  o f  i o n i z e d  po l ymer  i n  d i l u t e  s o l u t i o n  i s  
q u i t e  d i f f e r e n t  f rom t h a t  o f  n o n - i o n i z e d  p o l y m e r s .  The p l o t  
of  r e d u c e d  v i s c o s i t y  o f  4 5  i s  l i n e a r  w i t h  t h e  i n t r i n s i c  
v i s c o s i t y  i n  c h l o r o f o r m  e q u a l  t o  0 . 3 0  by e x t r a p o l a t i n g  t h e  
r e d u c e d  v i s c o s i t y  t o  c = 0  where  c i s  t h e  c o n c e n t r a t i o n  o f  
po l ymer  i n  s o l u t i o n  i n  g / lOOml .  An i n t e r e s t i n g  f e a t u r e  of  
c u r v e  2 i n  F i g u r e  4 - 1 1 ,  i s  t h e  anomal ous  s h a p e  o f  t h e  c u r v e  
o f  r e d u c e d  v i s c o s i t y  vs  c o n c e n t r a t i o n  o f  p o l y ( q u a t e r n a r y  
ammonium s a l t )  4 6  i n  m e t h a n o l .  The r i s e  i n  r e d u c e d  
v i s c o s i t y  when t h e  s o l u t i o n  i s  d i l u t e d  i s  a t y p i c a l
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phenomenon o f  p o l y e l e c t r o l y t e s ,  and i s  due t o  an e x p a n s i o n  
o f  t h e  p o l y c a t i o n  c h a i n .  I n  a m o d e r a t e l y  c o n c e n t r a t e d  
s o l u t i o n ,  a po l ymer  s egmen t  w i t h i n  t h e  po l yme r  c o i l  i s  
i n t e r t w i n e d  w i t h  o t h e r  po l ymer  c h a i n s  whi ch  h e l p  s h i e l d  t h e  
c h a i n  f rom t h e  l o w e r  p o l a r i t y  s o l v e n t  e n v i r o n m e n t .  However,  
a s  t h e  p o l ymer  s o l u t i o n  i s  d i l u t e d  w i t h  s o l v e n t ,  t h e  polymer  
m o l e c u l e s  become s e p a r a t e d  f rom one a n o t h e r ,  and t h e  
e l e c t r o s t a t i c  r e p u l s i o n  be tween  i o n i z e d  g r o u p s  on t h e  c h a i n  
c a u s e  t h e  po l ymer  m o l e c u l e s  t o  e x p a n d .  When t h e  i n c r e a s e  i n  
r e d u c e d  v i s c o s i t y  r e s u l t i n g  f rom e x p a n s i o n  o f  t h e  m o l e c u l e  
c o i l  i s  g r e a t e r  t h a n  t h e  d e c r e a s e  i n  r e d u c e d  v i s c o s i t y  due 
t o  l e s s e n e d  i n t e r m o l e c u l a r  i n t e r a c t i o n ,  t h e  r e d u c e d  
v i s c o s i t y  r i s e s  s h a r p l y  w i t h  d i l u t i o n .
A . 3 . 2  R e a c t i o n  w i t h  CS2
The p r o d u c t s  o f  t h e  r e a c t i o n  b e tw ee n  CS2  and a m i n e s ,
d i t h i o c a r b a m a t e s , ha ve  f ound  i m p o r t a n t  a p p l i c a t i o n s .  The
s t r o n g  m e t a l  b i n d i n g  p r o p e r t i e s  o f  t h e  d i t h i o c a r b a m a t e s  were
183r e c o g n i z e d  e a r l y  by D e l e p i n e  . I t  i s  now known t h a t  t h i s
c h a r a c t e r i s t i c  i s  due t o  t h e  i n s o l u b i l i t y  o f  t h e  m e t a l
s a l t s ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  o f  sod i um and o t h e r
a l k a l i  and t h e  a l k a l i  e a r t h  m e t a l s ,  and t o  t h e  c a p a c i t y  o f
t h e  m o l e c u l e s  t o  fo rm c h e l a t e  c o m p l e x e s .  V a r i o u s
d i t h i o c a r b a m a t e s  do i n d i c a t e  t h e  wide  a p p l i c a t i o n  i n  t h e
184f i e l d  o f  m e t a l  a n a l y s i s  b e c a u s e  o f  t h i s  c h a r a c t e r i s t i c
The l i t e r a t u r e  on d i t h i o c a r b a m a t e s  i s  q u i t e  
184e x t e n s i v e  . N - s u b s t i t u t e d  d i t h i o c a r b a m a t e  s a l t s  a r e
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formed by r e a c t i o n  o f  CS2  w i t h  e i t h e r  a p r i m a r y  o r  a 
s e c o n d a r y  amine  i n  a l c o h o l i c  o r  a q u e o u s  s o l u t i o n .  A l t h o u g h  
w a t e r  and a l c o h o l  a r e  t h e  p r e f e r r e d  s o l v e n t s  f o r  t h e  
r e a c t i o n ,  o t h e r  s o l v e n t s  can  be u s e d ,  e . g . ,  e t h y l  e t h e r ,  
be nz e n e  and d i o x a n e .  S e v e r a l  i n d u s t r i a l l y  i m p o r t a n t  
d i t h i o c a r b a m a t e s  a r e  o b t a i n e d  f rom t h e  r e a c t i o n  o f  CS2  w i t h  
a m i n e s ,  s uc h  a s ,  d i m e t h y l a m i n e , b u t y l a m i n e ,  e t h y l e n e  
d i a m i n e ,  p i p e r i d i n e ,  e t c .  I n  o r d e r  t o  c o n s e r v e  t h e  v a l u a b l e  
a m in e ,  i t  i s  common p r a c t i c e  t o  u se  an a l k a l i  m e t a l  
h y d r o x i d e  t o  form t h e  s a l t .
The r e a c t i o n s  i n v o l v i n g  p r i m a r y  a mi n e s  a r e :
RNH2 + CS2 ---- RNHCSS" + H+ ( e q .  4 - 4 )
r n h 2 + H+ — ► rnh3+ ( e q .  4 - 4 a )
"OH + H+ —  h2o ( e q .  4 - 4 b )
RNH3+ + "OH -------- ---- »  RNH2 + H20 ( e q .  4 - 5 )
The m e t a l  c o m p l e x i n g  p r o p e r t i e s  o f  t h e  d i t h i o c a r b a m i c
a c i d s  have  been  known f o r  a l o n g  t i m e .  Many o f  t h e  heavy
m e t a l  s a l t s  o f  d i t h i o c a r b a m a t e s  a r e  p r e p a r e d  s i m p l y  by t h e
a d d i t i o n  o f  a s o l u t i o n  o f  t h e  heavy  m e t a l  a s  i t s  c h l o r i d e ,
s u l f a t e ,  e t c . ,  t o  a s o l u t i o n  o f  an ammonium o r  a l k a l i  m e t a l
s a l t  o f  t h e  d i t h i o c a r b a m i c  a c i d  p r e f e r a b l y  w i t h  e x c l u s i o n  of
o x y g e n ^ ^  ’ . Heavy m e t a l  i o n s  c an  be c o n c e n t r a t e d  f rom
187d i l u t e  s o l u t i o n s  u s i n g  d i t h i o c a r b a m a t e  r e s i n s
T h r e e  c a n o n i c a l  f o r ms  may be w r i t t e n  f o r  t h e  s t r u c t u r e  
of  t h e  d i t h i o c a r b a m a t e  g r o u p  i n  M(S 2 CNR2 ) n where  M i s  a
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m e t a l  a tom and n i s  i t s  v a l e n c y .  These  compounds and t h e i r  
d e r i v a t i v e s  show two i n t e n s e  a b s o r p t i o n  bands  i n  t h e  
u l t r a v i o l e t  r e g i o n ,  one i n  t h e  n e i g h b o r h o o d  o f  250 nm, t h e
I Q O
second  s l i g h t l y ,  more i n t e n s e  band a t  a b o u t  290 nm. Koch
a s s i g n e d  t h e  band o f  s h o r t e r  w a v e l e n g t h  t o  t h e  e x t r e m e
s t r u c t u r e  47a t o  be a s s o c i a t e d  w i t h  p o l a r i z a t i o n  o f  t h e
n i t r o g e n  c o n j u g a t i o n ,  and t h a t  o f  t h e  l o n g e r  w a v e l e n g t h  t o
t h e  c a n o n i c a l  s t r u c t u r e s  47b and 47c  due t o  t h e  s u l f u r
189c o n j u g a t i o n .  J a n s s e n  was r e v e r s e d  K o c h ' s  a s s i g n m e n t
NR„
II 2
NR„ 
1 2
NR0  
1 2
C C C
/  \ /  ^ / /  \
S s _ _ s  s s
M+ M+ M+
47a 47b 47c
b as ed  on t h e  s p e c t r a  o f  a l a r g e  number o f  d i t h i o c a r b a m i c
a c i d  d e r i v a t i v e s ,  t h o u g h  no r e l i a b l e  s u p p o r t  t o  h i s  i d e a  was
o b t a i n e d  f rom h i s  q u a n t u m - m e c h a n i c a l  c a l c u l a t i o n .  N-
m o n o s u b s t i t u t e d  d i t h i o c a r b a m a t e  i n  a l k a l i  s o l u t i o n  was
190s t u d i e d  by Takami and c o w o r k e r s  . The i n t e n s i t y  o f  t h e  
band a t  t h e  l o n g e r  w a v e l e n g t h  291 nm, d e c r e a s e d  a s  a l k a l i  
c o n c e n t r a t i o n  i n c r e a s e d ;  on t h e  o t h e r  h a nd ,  t h a t  o f  t h e  band 
a t  s h o r t e r  w a v e l e n g t h ,  257 nm, i n c r e a s e d .  Thes e  s p e c t r a l  
c h a n g e s  may be due t o  a r e v e r s i b l e  h y d r o g e n  a b s t r a c t i o n  f rom 
48a a s  shown i n  e q u a t i o n  4 - 6 .  T h i s  r e s u l t  was i n  a g r e e m e n t  
w i t h  K o c h ' s  a s s i g n m e n t  b u t  n o t  w i t h  J a n s s e n ' s .
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S
RNHCSS" u R-N=C + H+ ( e q .  4 - 6 )
S“
4 8 a  4 8 b
R e s u l t s  and D i s c u s s i o n :
T r e a t m e n t  o f  t h e  a m i n o m e t h y l a t e d  p o l y a r y l  e t h e r ,  4 5  , 
w i t h  CS2  i n  sodium h y d r o x i d e  y i e l d  a p o l y [ o x y - 1 , 4 - p h e n y l e n e -  
( l - m e t h y l e t h y l i d e n e ) - l , 4 - p h e n y l e n e - o x y - ( 2 -  
s o d i o d i t h i o c a r b a m y l m e t h y l ) - l , 3 - p h e n y l e n e ] , 4 9  , w i t h  an 
e x t e n t  o f  d e g r e e  o f  s u b s t i t u t i o n  = 0 . 6 6  a s  i l l u s t r a t e d  i n  
Scheme 4 - 7 .  The f o r m a t i o n  o f  t h e  s a l t  was c o n f i r m e d  by UV 
s p e c t r o s c o p y .  The c h a r a c t e r i s t i c  a b s o r p t i o n  bands  a t  250 nm 
and 290 nm were  o b s e r v e d  i n  t h e  UV s p e c t r u m  o f  4 9  a s  shown 
i n  F i g u r e  4 - 1 2 .
4 . 3 . 3  G r a f t  C o p o l y m e r i z a t i o n
A v a r i e t y  o f  me t hods  have  r e c e n t l y  been  r e p o r t e d  f o r
191-195t h e  p r e p a r a t i o n  o f  g r a f t  c o p o l y m e r s  . Most  o f  t h e s e
me th o d s  have  i n v o l v e d  a " g r a f t i n g "  t e c h n i q u e ,  i n  which  a 
monomer i s  p o l y m e r i z e d  i n  t h e  p r e s e n c e  o f  a p r e f o r m e d  
po l ymer  i n  s uch  a way t h a t  t h e  new p o l yme r  formed i s  
c h e m i c a l l y  a t t a c h e d  t o  t h e  f i r s t  p o l y m e r .
The i n i t i a l  work on t h e  p r e p a r a t i o n  o f  g r a f t  
c o p o l y m e r s ,  5 2  , by t h e  r e a c t i o n  o f  t h e  r e s i d u a l  u n s a t u r a t e d  
e s t e r  g r oup  o f  t h e  i s o c y a n a t o e t h y l  m e t h a c r y l a t e ( I E M ) , 5 0  , 
on t h e  p o l y a r y l e t h e r  a m i ne ,  4 5  , b ack bo ne  w i t h  a
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I.O-i
o .o -
3 0 02 5 0 3 5 0
Wavelength (nm)
F i g u r e  4 - 1 2 .  U l t r a v i o l e t  s p e c t r a  o f  49
( 0 .001M)  i n  1 :1  o f  DMS0:H20 
( -------) ;  and 45 ( 0 . 0 0 1  M) i n
c h c i 3  ( ------ ) .
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u n s a t u r a t e d  monomer,  m e t h y l  m e t h a c r y l a t e  ( MMA) w i l l  be 
r e p o r t e d .  T h i s  s p e c i f i c  r e a c t i o n  was c h o s e n  b e c a u s e  t h e  
r e a c t i o n  o f  IEM w i t h  p o l y a r y l e t h e r  45 p r o c e e d s  r a p i d l y  a t  
room t e m p e r a t u r e  w i t h o u t  added  c a t a l y s t  o r  t h e  r e l e a s e  o f  a 
b y p r o d u c t .
a .  I n t r o d u c t i o n
Over t h e  l a s t  two d e c a d e s ,  demands have  i n c r e a s e d  
d r a m a t i c a l l y  f o r  t h e  d e v e l o p m e n t  o f  p o l y me r s  which  can be 
t a i l o r e d  t o  meet  new m a r k e t  a p p l i c a t i o n s  w i t h o u t  ma j o r  
c a p i t a l  i n v e s t m e n t .  Thus ,  numerous  s y s t e m s  ba se d  on t h e  
c h e m i c a l  m o d i f i c a t i o n  o f  a p o l y m e r i c  s u b s t r a t e  w i t h  
d i f f e r e n t  monomers have  been o f  c o m m e r c i a l  and a ca de mi c  
i n t e r e s t .
The r e  a r e  a t  l e a s t  f o u r  ways t o  f o r m u l a t e  a p o l y m e r i c
I Q £
m a t e r i a l  w i t h  new and u s e f u l  p r o p e r t i e s  : ( 1 ) d e v e l o p  new 
monomers ,  ( 2 ) d e v e l o p  new methods  and t e c h n i q u e s  o f  
p o l y m e r i z a t i o n ,  ( 3 )  combine  e x i s t i n g  c o m m e r c i a l  monomers i n  
su ch  a way t h a t  t h e  r e s u l t i n g  m a t e r i a l  h a s  c e r t a i n  s u p e r i o r  
p r o p e r t i e s ,  and ( 4 )  combine  e x i s t i n g  p o l y m e r s  i n  an u n u s u a l  
way t o  a c h i e v e  u n i q u e  p r o p e r t i e s .  The mos t  common 
t e c h n i q u e s  f o r  i m p r o v i n g  t h e  p r o p e r t i e s  o f  t h e  p o l y m e r i c  
m a t e r i a l s  have  been  d e p e n d e n t  h e a v i l y  on a s y n e r g i s t i c  
c o m b i n a t i o n  o f  p r e s e n t l y  a v a i l a b l e  c hea p  c o mm e r c i a l  monomers 
and p o l y m e r s  i n  u n u s u a l  ways ,  f o r  e x a m p l e ,  c o p o l y m e r s ,  
t e r p o l y m e r s ,  and m u l t i c o m p o n e n t  p o l y me r s  i n  which  t h e  
monomer u n i t s  a r e  a r r a n g e d  i n  b l o c k ,  g r a f t s ,  i n
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F i g u r e  4 - 13  Types  o f  c o p o l y m e r s
The p r o p e r t i e s  o f  a c op o l ym e r  o f  A u n i t s  and B u n i t s  
a r e  i n f l u e n c e d  by t h e  n a t u r e  o f  A and B u n i t s  and by t h e  
l e n g t h  and a r r a n g e m e n t  o f  t h e s e  u n i t s  i n  t h e  po l ymer  c h a i n s .  
I t  i s  e v i d e n t  t h a t  v a r i o u s  s t r u c t u r a l  f e a t u r e s  p o s s e s s e d  by 
u n i t s  A and B whi ch  i n f l u e n c e  i n t e r m o l e c u l a r  i n t e r a c t i o n  
( van  d e r  Waa l s ,  h y d r o g e n  b o n d i n g ,  c r y s t a l l i n i t y , c r o s s l i n k s ,  
e t c . )  i n  e a c h  o f  t h e  r e s p e c t i v e  u n i t s  w i l l  be a l t e r e d  t o  
some e x t e n t  i n  t h e  c o p o l y m e r s  d e p e n d i n g  n o t  o n l y  on t h e  
m o l a r  q u a n t i t i e s  o f  t h e  two u n i t s  p r e s e n t  b u t  a l s o  on t h e  
s e q u e n c e  i n  which  t h e  u n i t s  a p p e a r  i n  t h e  c o p o l ym e r  c h a i n .  
S i n c e  t h e  i n t e r m o l e c u l a r  i n t e r a c t i o n  o f  A u n i t s  w i t h  A u n i t s  
and B u n i t s  w i t h  B u n i t s  can  be m o d i f i e d  o r  a l t e r e d  by t h e  
p r e s e n c e  o f  n e i g h b o r i n g  u n i t s  o f  o p p o s i t e  k i n d  i n  t h e  
i n t e r a c t i n g  po l ymer  c h a i n s ,  t h e  i m p o r t a n c e  o f  s eg me n t  l e n g t h  
and s e q u e n c e  becomes  a p p a r e n t .  I n  g e n e r a l ,  a s  t h e  l e n g t h  o f  
A and B s e g m e n t s  i n c r e a s e ,  e a c h  d i s t i n c t  s egmen t  o f  t h e
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c o p o l y m e r s  c h a i n  p a t t e r n s  i t s  i n d i v i d u a l  b e h a v i o r  more 
n e a r l y  a f t e r  t h a t  o f  i t s  c o r r e s p o n d i n g  homopolymer .
L i k e w i s e ,  a s  t h e  l e n g t h  o f  A and B s e g m e n t s  d e c r e a s e  each  
monomer u n i t  t a k e s  on a new b e h a v i o r  b a se d  on i t s  
i n t e r a c t i o n  w i t h  n e i g h b o r i n g  u n i t s .
T h r e e  d i s t i n c t  m u l t i p o l y m e r  c o m b i n a t i o n s  were  
r e c o g n i z e d  : po l ymer  b l e n d s ,  b l o c k s  and g r a f t s .  Polymer  
b l e n d s  a r e  s i m p l y  p h y s i c a l  m i x t u r e s  o f  t h e  c o n s t i t u e n t  
p o l y m e r s  w i t h  no c o v a l e n t  bond o c c u r r i n g  b e tween  them.  They 
a d h e r e  t o g e t h e r  t h r o u g h  van d e r  Waals  f o r c e s ,  d i p o l e  
i n t e r a c t i o n ,  o r  h y d r o g e n  b on d i ng  o n l y .  I f  c o v a l e n t  bonds  
e x i s t  be twee n  t h e  component  p o l y m e rs  a t  s i t e s  a l o n g  t h e  
c h a i n  o f  one po l ymer  b a c k b o n e ,  a g r a f t  c op o l ym e r  r e s u l t s .
I f  t h e  d i f f e r i n g  monomer u n i t s  a r e  a r r a n g e d  l i n e a r l y  i n  
s e g m e n t s  c o v a l e n t l y  bonded t o  one a n o t h e r  a l o n g  t h e  c h a i n  a 
b l o c k  c op o l ym e r  r e s u l t s .
G r a f t  c o p o l y m e r i z a t i o n  i n v o l v e s  t h e  p o l y m e r i z a t i o n  o f  
monomer o n t o  a po l ymer  backbone  o t h e r  t h a n  a t  t h e  c h a i n  
e n d s .  The s e q u e n c e  o f  A u n i t s  i n  t h e  g r a f t  c o p o l y m e r s  i s  
r e f e r r e d  t o  a s  t h e  ba ckbone  and t h e  b r a n c h e s  o f  B u n i t s  a s  
t h e  g r a f t s .  I n  i d e n t i f y i n g  c h a i n  s e g m e n t s  t h e  l e t t e r  - g -  i s  
u se d  t o  i n d i c a t e  g r a f t e d  s e g m e n t s .  G r a f t  c o p o l y m e r s  a r e  of  
ma jo r  i n d u s t r i a l  i n t e r e s t .  V a r i o u s  me t hods  o f  g r a f t
191-co p o l y me r  i z a t i o n  have  been  d e s c r i b e d  i n  t h e  l i t e r a t u r e  
195 The s y n t h e s i s  o f  g r a f t  c o p o l y m e r s  i s  c o n v e n i e n t l y  
o r g a n i z e d  by t h e  mechani sm o f  t h e  s y n t h e t i c  p r o c e d u r e .  Thus 
g r a f t . c o p o l y m e r s  may be s y n t h e s i z e d  by : ( 1 ) f r e e  r a d i c a l
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197mechan i sms  , ( 2 ) i o n i c  ( i . e . ,  a n i o n i c  and c a t i o n i c )
me c h a n i s ms ,  ( 3 )  c o o r d i n a t i o n  ( Z i e g l e r - N a t t a )  p o l y m e r i z a t i o n ,  
and (A) m i s c e l l a n e o u s  r i n g  o p e n i n g  and c o u p l i n g  r e a c t i o n s .  
Most  o f  t h e s e  methods  have  i n v o l v e d  " g r a f t i n g  f rom"  or  
" g r a f t i n g  o n t o "  t e c h n i q u e s .  In  g r a f t i n g  f r o m,  t h e  a c t i v e  
s i t e  i s  g e n e r a t e d  on t h e  backbone  and s u b s e q u e n t l y  i t  
i n i t i a t e s  t h e  p o l y m e r i z a t i o n  o f  monomers t o  p r o d uc e  
b r a n c h e s ;  i n  g r a f t i n g  o n t o ,  a g rowi ng  a c t i v e  s p e c i e s  a t t a c k s  
a n o t h e r  p r e f o r m e d  po l ymer  p r e f e r e n t i a l l y  c a r r y i n g  s u i t a b l e  
s u b s t i t u e n t s  and t h e r e b y  p r o d u c e s  a b r a n c h  on t h e  p r e f o r m e d  
b a c k b o n e .  S c h e m a t i c a l l y  :
G r a f t i n g  f rom :
V V W V  + M --------------------   \ A j V \ A
M
M
M
G r a f t i n g  o n t o  :
W W \  + •    A A j V N A
M M
M M
M
The main l i m i t a t i o n  o f  t h e  e a r l i e r  p r o c e d u r e  t o  s y n t h e s i z e  
g r a f t  c o p o l y m e r s  i s  t h e  s m a l l  number o f  s y s t e m  i n  which  
" g r a f t i n g  o n t o "  o r  " g r a f t i n g  f rom"  t e c h n i q u e s  c o u l d  be 
e f f i c i e n t l y  a p p l i e d .  T a b l e  4 - 6  d e s c r i b e s  some o f  t h e  many 
a c t u a l  o r  p r o p o s e d  a p p l i c a t i o n s  f o r  g r a f t  c o p o l y m e r s .
Among t h e  t e c h n i q u e s  t h a t  have  been  s u c c e s s f u l l y
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employed f o r  t h e  s y n t h e s i s  o f  g r a f t  c o p o l y m e r s ,  t h e  f r e e  
r a d i c a l  method i s  c e r t a i n l y  t h e  o l d e s t  and t h e  most  
i n v e s t i g a t e d  o n e .  G r a f t  c o p o l y m e r s  may be s y n t h e s i z e d  by 
f r e e  r a d i c a l  t e c h n i q u e s  u t i l i z i n g  ( a )  c h e m i c a l  m e t h o d s ,  ( b )  
p h o t o l y t i c  m e t h o d s ,  ( c )  h i g h  e n e r g y  i r r a d i a t i o n  t e c h n i q u e s ,  
and ( d )  m e c h n oc h e m i c a l  t e c h n i q u e s .
198T a b l e  4 - 6  A p p l i c a t i o n s  o f  G r a f t  Copo l ymers
Mode o f  c o m b i n a t i o n A p p l i c a t i o n
R u b b e r - t o u g h e n e d  p l a s t i c s I m p a c t - r e s i s t a n c e
D e s a l i n a t i o n  membranes Creep  r e d u c t i o n
Wash and wear  f i n i s h e s W r i n k l e  c o n t r o l
I m m o b i l i z e d  enzymes L o n g - l i v e d  c a t a l y t i c
s u r f a c e s
C o a t i n g  and a d h e s i v e s T o u g h n e s s
P o l y m e r - i m p r e g n a t e d  wood D u r a b l e  k n i f e  h a n d l e s
The i n d u s t r i a l l y  i m p o r t a n t  p r o c e s s  i n  g r a f t  
c o p o l y m e r i z a t i o n  i s  a d d i t i o n  p o l y m e r i z a t i o n  i n  an e m u l s i o n  
o f  v i n y l  monomers i n i t i a t e d  by f r e e  r a d i c a l  c a t a l y s t s .  The 
k i n e t i c  s t e p s  i n  g r a f t  c o p o l y m e r i z a t i o n  o f  v i n y l  monomer a r e  
i n i t i a t i o n ,  p r o p a g a t i o n ,  c h a i n  t r a n s f e r  and t e r m i n a t i o n .  
Cha i n  t r a n s f e r  i s  t h e  i m p o r t a n t  s t e p  i n  g r a f t  
c o p o l y m e r i z a t i o n .  Cha i n  t r a n s f e r  o c c u r s  when an a c t i v e l y
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g rowing  c h a i n  m o l e c u l e  a b s t r a c t s  an a tom f rom a n o t h e r  
m o l e c u l e ,  f o r  e x a m p l e ,  a monomer o r  c h a i n  t r a n s f e r  a g e n t  
s uch  a s  m e r c a p t a n .  Thus ,  t h e  g r o wi n g  c h a i n  i s  t e r m i n a t e d  
and a t  t h e  same t i m e  a new r a d i c a l  on t h e  t r a n s f e r  m o l e c u l e  
i s  f o r m e d .  Cha i n  p r o p a g a t i o n  f rom t h e s e  t r a n s f e r  s i t e s  
r e s u l t s  i n  g r a f t e d  s i d e  c h a i n s  which  t e r m i n a t e  a s  u s u a l  by 
c o m b i n a t i o n  o r  d i s p r o p o r t i o n a t i o n . D i s a d v a n t a g e s  o f  a l l  
t h e s e  f r e e  r a d i c a l  p r o c e s s  f o r  t h e  s y n t h e s i s  o f  g r a f t  
c o p o l y m e r s  a r e  t h a t  ( a )  i n  a d d i t i o n  t o  t h e  d e s i r e d  g r a f t i n g  
r e a c t i o n ,  homopolymers  a r e  a l s o  o b t a i n e d  due t o  e i t h e r  c h a i n  
t r a n s f e r  t o  monomer o r  d i r e c t  i n i t i a t i o n ,  o r  b e c a u s e  n o t  
e v e r y  p r e f o r m e d  m a c r o m o l e c u l e  e n t e r s  i n t o  c h a i n  t r a n s f e r  
r e a c t i o n ,  and ( b )  t h e  p o s s i b i l i t y  f o r  main c h a i n  d e g r a d a t i o n  
e x i s t s .  I f  h o m o p o l y m e r i z a t i o n  and /  o r  d e g r a d a t i o n  o c c u r ,  
l a b o r i o u s  e x t r a c t i o n  /  p u r i f i c a t i o n  p r o c e d u r e s  become 
n e c e s s a r y  t o  o b t a i n  t h e  homogeneous  g r a f t  p r o d u c t .
For  t h e  l a s t  20 y e a r s  a n i o n i c  p o l y m e r i z a t i o n
t e c h n i q u e s  have  e n a b l e d  one t o  s y n t h e s i z e  w e l l  d e f i n e d  g r a f t
c o p o l y m e r s  u s i n g  e i t h e r  c a r b a n i o n i c  d e a c t i v a t i o n  or
c a r b a n i o n i c  i n i t i a t i o n .  The f o r m e r  method i m p l i e s  t h a t  a
l i v i n g  p o l yme r  p r e c u r s o r  i s  r e a c t e d  o n t o  a po lymer  backbone
199c a r r y i n g  e l e c t r o p h i l i c  f u n c t i o n s  . The l a t t e r  method
c o n s i s t s  i n  p a r t i a l  m e t a l a t i o n  o f  a p o l yme r  b a c k b o n e ,  and i n
u s i n g  t h e s e  s i t e s  t o  i n i t i a t e  t h e  p o l y m e r i z a t i o n  o f  an
a d e q u a t e  m o n o m e r " ^ .  Even t h o u g h  some t e c h n i q u e s  o f
201c a t i o n i c  g r a f t i n g  and o f  f r e e  r a d i c a l  g r a f t i n g  have  been 
d e v e l o p e d ,  t h e  number o f  s y s t e m s  t h a t  can  a c t u a l l y  be used
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i s  v e r y  s m a l l ,  and t h e  s e a r c h  f o r  new and more g e n e r a l  
m e t h o d s ,  a p p l i c a b l e  t o  s y s t e m s  t h a t  c a n n o t  r e s p o n d  t o  t h e s e  
t e c h n i q u e s  h a s  t o  be i n v e s t i g a t e d .
G r a f t  c o p o l y m e r s  can a l s o  be o b t a i n e d  by c o u p l i n g  two
or  more p o l y me r s  c a r r y i n g  s u i t a b l e  f u n c t i o n a l  g r o u p s  i f  t h e y
a r e  r andomly  d i s t r i b u t e d  a l o n g  t h e  c h a i n .  For  ex amp l e ,
i s o c y a n a t e s  R-N=C=0 r e a d i l y  r e a c t  w i t h  a v a r i e t y  o f  g ro u ps
c o n t a i n i n g  a c t i v e  h y d r o g en  e . g . ,  -OH, -COOH, -NH2 , -NH, e t c .
I s o c y a n a t e  c o u p l i n g s  a r e  v e r y  v e r s a t i l e  t e c h n i q u e s  f o r  t h e
s y n t h e s i s  o f  a l l  k i n d s  o f  g r a f t  c o p o l y m e r s .  For  e x amp l e ,
c o u p l i n g  o f  i s o c y a n a t e s  w i t h  amine g r o u p s  l e a d i n g  t o  u r e a
l i n k a g e s  can  be used  t o  p r e p a r e  a l a r g e  f a m i l y  o f  g r a f t
c o p o l y m e r s .  The -NH2  g roup  can  be o b t a i n e d  a s  a head  group
i n  p o l y s t y r e n e  (PS)  by i n i t i a t i n g  t h e  p o l y m e r i z a t i o n  o f
s t y r e n e  by NaNH2 ; t h e  i s o c y a n a t e  g r o u p s  can  be i n t r o d u c e d
i n t o  v i n y l p o l y m e r s  by c o p o l y m e r i z a t i o n  of  v i n y l  monomers
w i t h  i s o c y a n a t o e t h y l  m e t h a c r y l a t e  , 5 0  . T h i s  t e c h n i q u e  was
us ed  t o  g r a f t  p o l y s t y r e n e  b r a n c h e s  o n t o  p o l y m e r s  o f  me t hy l
909m e t h a c r y l a t e  p l u s  ^  - i s o c y a n a t o e t h y l  m e t h a c r y l a t e  . 
CH2 =C-C00-CH 2 -CH2 -N=C=0 , 5 0  :
CH3
y v w w v y w  / y v w v w y v \
NCO NH
1
NHi
+ c=o
1
oii
- o 
-
PS-NH2
1
NH
1
I
NH
1l
PS
1
PS
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In  s p i t e  o f  t h e  l a r g e  number o f  p a p e r s  and p a t e n t s  
d e a l i n g  w i t h  g r a f t  c o p o l y m e r i z a t i o n ,  i t  i s  o b v i o u s  t h a t  
f u r t h e r  r e s e a r c h  i n  t h i s  f i e l d  i s  s t i l l  n e c e s s a r y .  The 
c o p o l y m e r s  o b t a i n e d  have  n o t  been s u b j e c t  t o  a d e q u a t e  
c h a r a c t e r i z a t i o n  : o v e r a l l  c o m p o s i t i o n ,  c o m p o s i t i o n a l  
h e t e r o g e n i t y  a r e  q u o t e d  i n  few c a s e s  o n l y .  I n  most  p a t e n t s  
and p a p e r s  o n l y  r o ug h  i n d i c a t i o n s  one g i v e n  o f  y i e l d ,  
c o m p o s i t i o n  and " a p p a r e n t "  m o l e c u l a r  w e i g h t .  I t  i s  w e l l  
known t h a t  t h e  p r o p e r t i e s  o f  a g r a f t  c op o l ym e r  depend  on t h e  
s t r u c t u r e  o f  t h e  m a c r o m o l e c u l e s .  M a c r o m o l e c u l e s  w i t h  a 
s m a l l  number o f  l o n g  g r a f t s  and t h o s e  w i t h  a l a r g e  number o f  
s h o r t  g r a f t s  do n o t  e x h i b i t  t h e  same p r o p e r t i e s ,  and i t  i s  
n e c e s s a r y  t o  have  p r e c i s e  i n f o r m a t i o n  on t h e  s t r u c t u r e  o f  
t h e  s p e c i e s  fo rmed  f o r  an a d e q u a t e  i n v e s t i g a t i o n  o f  t h e  
s t r u c t u r e - p r o p e r t y  r e l a t i o n s h i p s .
I t  i s  a l s o  known t h a t  t h e  r e p u l s i o n ,  which  g e n e r a l l y  
a r i s e  b e tween  po l ymer  s p e c i e s  o f  d i f f e r e n t  c h e m i c a l  n a t u r e s ,  
c o n s t i t u t e  t h e  d r i v i n g  f o r c e  t o w a r d s  i n t r a m o l e c u l a r  phase  
s e p a r a t i o n .  The l a r g e r  t h e  m o l e c u l a r  w e i g h t  o f  t h e  g r a f t s ,  
t h e  h i g h e r  t h e  t e n d e n c y  t o  form t w o - p h a s e  s y s t e m s .  Each 
c o n s t i t u e n t  o f  t h e  g r a f t  co po ly me r  t e n d s  t o  maximize  
c o n t a c t s  w i t h  i t s e l f  and t o  m i n i m i z e  h e t e r o c o n t a c t s .  T h i s  
i n t r a m o l e c u l a r  p h a s e  s e p a r a t i o n  h a s  l e d  t o  a number o f  
a p p l i c a t i o n s  o f  g r a f t  c o p o l y m e r s  a s  c o m p a t i b i l i z e r s , i n  
p o l y b l e n d s ,  d i s p e r s i n g  a g e n t s ,  a d h e s i v e s ,  s u r f a c e  m o d i f i e r s ,  
c o a t i n g s  o r  v a r n i s h e s ,  a n t i s t a t i c  a d d i t i v e s ,  w e t t i n g  a g e n t s ,  
and a s  m a t e r i a l s  f o r  b i o m e d i c a l  u s e .
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b.  R e s u l t s  and D i s c u s s i o n
Homopolymers  o f  t h e  p o l y a r y l e t h e r  and o f  p o l y m e t h y l
m e t h a c r y l a t e  (PMMA) have  been  i n v e s t i g a t e d  e x t e n s i v e l y  w i t h
r e s p e c t  t o  t h e r m a l  and m e c h a n i c a l  b e h a v i o r .  P o l y a r y l e t h e r
i s  w e l l  known a s  amor p h o u s ,  t o u g h ,  e n g i n e e r i n g  t h e r m o p l a s t i c
f o r  i t s  h i g h  t h e r m a l  s t a b i l i t y .  P o l y m e t h y l  m e t h a c r y l a t e
p r e p a r e d  by f r e e  r a d i c a l  p o l y m e r i z a t i o n  i s  a l s o  an
a mo rp ho us ,  h a r d ,  r i g i d  t h e r m o p l a s t i c .  P o l y a r y l e t h e r  i s
q u i t e  d i f f i c u l t  t o  p r o c e s s ,  on t h e  o t h e r  h an d ,  PMMA i s
e a s i l y  p r o c e s s e d  b u t  h a s  p o o r e r  t h e r m a l  r e s i s t a n c e .
P o l y a r y l e t h e r  when mixed w i t h  PMMA y i e l d s  a g r a f t  co p o l y me r
which  may be p r o c e s s e d  more e a s i l y  b u t  h a s  a r e d u c e d  t h e r m a l
r e s i s t a n c e  compared  w i t h  t h a t  o f  p u r e  p o l y a r y l e t h e r .  The
d e g r e e  o f  r e d u c t i o n  i n  t h e r m a l  r e s i s t a n c e  i s  d e p e n d e n t  on
t h e  amount  o f  p o l y m e t h y l  m e t h a c r y l a t e  and r e s u l t s  i n  a
d i l u t i o n  o f  c o s t  o f  t h e  more e x p e n s i v e  p o l y a r y l  e t h e r .
S t e p  g r o wt h  p o l y m e r s  s uch  a s  t h e  p o l y ( a r y l e t h e r s ) ,
e . g . ,  p o l y s u l f o n e s  b l e n d e d  w i t h  a c o m m e r c i a l l y  i m p o r t a n t
ABS ( a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e )  po l ymer  h a s  been
203d e s c r i b e d  i n  t h e  p a t e n t  l i t e r a t u r e  . P o l y s u l f o n e  h a s  a l s o
O f\ /
been  combined  w i t h  c r y s t a l l i n e  n y l o n  6  b l o c k s  ; and w i t h  
g l a s s y  p o l y s t y r e n e  o r  p o l y c a r b o n a t e  b l o c k s  and w i t h
90Ss e m i c r y s t a l l i n e  p o l y ( b u t y l e n e  t e r e p h t h a l a t e )  b l o c k s  . I t  
was r e a s o n e d  t h a t  b l o c k  c o p o l y m e r s  p r e p a r e d  f rom s uch  r i g i d  
amorphous  e n g i n e e r i n g  t h e r m o p l a s t i c s  would l e a d  t o  v a s t l y  
impr oved  m a t e r i a l  p e r f o r m a n c e .
The i n t r o d u c t i o n  o f  a p e n d a n t  c h e m i c a l  g r o u p s  such  a s
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an u n s a t u r a t e d  e s t e r  g r oup  o n t o  t h e  b a ckbone  o f  ami nome t hy l
p o l y a r y l e t h e r  c o u l d  p r o v i d e  a s i t e  f o r  g r a f t
c o p o l y m e r i z a t i o n  w i t h  v i n y l  monomers .  R e s i d u a l  u n s a t u r a t e d
e s t e r  g r o u p s  have  been a t t a c h e d  c o n v e n i e n t l y  t o  t h e  backbone
o f  a m i n o m e t h y l a t e d  p o l y a r y l e t h e r s  u s i n g  a v i n y l  monomer
c o n t a i n i n g  t h e  i s o c y a n a t e  g r o u p .  A v a r i e t y  o f  v i n y l
monomers c o n t a i n i n g  t h e  i s o c y a n a t e  g r o u p s  i s  known,  e . g . ,
v i n y l  and i s o p r o p y l  i s o c y a n a t e s ,  £ - i s o c y a n a t o s t y r e n e , a l l y l
i s o c y a n a t e ,  i s o c y a n a t o a l k y l  v i n y l  e t h e r ,  and i s o c y a n a t o a l k y l
202e s t e r s  o f  a c r y l i c  and m e t h a c r y l i c  a c i d .  E a r l i e r  work had
shown t h e  a l k y l i s o c y a n a t e  g r oup  t o  be v e r y  a c t i v e  i n
r e a c t i o n  w i t h  p r i m a r y  a m i n e s .  The r e a c t i o n  p r o c e e d s  r a p i d l y
a t  room t e m p e r a t u r e  w i t h o u t  added  c a t a l y s t .  I s o c y a n a t o e t h y l
m e t h a c r y l a t e  ( IEM),  50 , e x h i b i t s  a h i g h  d e g r e e  o f
s e l e c t i v i t y  i n  r e a c t i o n  o f  t h e  i s o c y a n a t e  f u n c t i o n  w i t h
206p o l y m e r i c  n u c l e o p h i l e s  . C r o s s l i n k a b l e  f i l m  was p r od uc ed
by r e a c t i o n  o f  IEM w i t h  a m i n o m e t h y l a t e d  p o l y a r y l e t h e r  45 as
shown i n  Scheme 4 - 8 .  The r e a c t i o n  p r o c e e d e d  r e a d i l y  a t  room
t e m p e r a t u r e  t o  form a s u b s t i t u t e d  u r e a  w i t h  a r e s i d u a l
u n s a t u r a t e d  e s t e r  g r oup  51 .  NMR s p e c t r o s c o p y  ( F i g u r e  4 -
14) i n d i c a t e s  t h a t  t h e  IEM a d d u c t  51 r e t a i n e d  100% o f  t h e
13m e t h a c r y l  g r o u p s .  C NMR and IR a n a l y s i s  o f  IEM a d d u c t  51 
was shown i n  F i g u r e  4 - 1 5  and F i g u r e  4 - 1 6  r e s p e c t i v e l y .
G r a f t i n g  e f f i c i e n c y  and g r a f t  y i e l d  a r e  s t r o n g l y  
a f f e c t e d  by t h e  f r e e  r a d i c a l  s o u r c e .  For  e x a m p l e ,  a l a r g e  
amount  o f  g r a f t  p r o d u c t  i s  o b t a i n e d  by u s i n g  b e n z o y l  
p e r o x i d e  (BP0) a s  t h e  i n i t i a t o r  f o r  g r a f t i n g  o f  MMA t o
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Scheme 4 - 8 .  P r e p a r a t io n  o f  IEM Adduct, 5 1 .
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p o l y s t y r e n e ,  h o we v e r ,  much l owe r  g r a f t i n g  y i e l d s  a r e
207o b t a i n e d  w i t h  a a z o b i s i s o b u t y r o n i t r i l e  (AIBN) i n i t i a t o r
Met hy l  m e t h a c r y l a t e  f a i l e d  t o  g r a f t  o n t o  n a t u r a l  r u b b e r  i n
t h e  p r e s e n c e  o f  AIBN, h owe ve r ,  h i g h  g r a f t i n g  e f f i c i e n c y  i s
208o b s e r v e d  i n  t h e  p r e s e n c e  o f  b e n z o y l  p e r o x i d e  . S i n c e  t h e  
u n s a t u r a t e d  g r o u p s  i n  t h e  IEM a d d u c t  a r e  r e a c t i v e  s i t e s ,  t h e  
g r a f t i n g  o f  v i n y l  monomers w i t h  c o m p a r a b l e  p o l y m e r i z a b i l i t y  
o n t o  po l yme r  w i t h  t h e s e  u n s a t u r a t e d  g r o u p s  can  be c a r r i e d  
o u t .
The r e s u l t s  f rom t h e  p r e p a r a t i o n  o f  g r a f t  c o p o l y m e r s
a r e  shown i n  T a b l e  4 - 7 .  The same s i t u a t i o n  o c c u r r e d  i n
p r e p a r a t i o n  o f  g r a f t  co p o ly me r  52 f rom t h e  IEM a d d u c t  51
w i t h  m e t h y l  m e t h a c r y l a t e  by f r e e  r a d i c a l  i n i t i a t e d  s o l u t i o n
p o l y m e r i z a t i o n  . I n t e r e s t i n g ,  when AIBN was u s e d ,  no g r a f t
c op o l ym e r  was o b t a i n e d .  The c o p o l y m e r i z a t i o n  was e f f e c t e d
by means o f  p h a s e  t r a n s f e r  p r omot ed  f r e e  r a d i c a l  r e a c t i o n s .
The f i r s t  exampl e  o f  p h a s e  t r a n s f e r  i n i t i a t e d  f r e e  r a d i c a l
209p o l y m e r i z a t i o n  was r e p o r t e d  r e c e n t l y  . P h a s e  t r a n s f e r  
c a t a l y s t s  make i t  p o s s i b l e  t o  u s e  a t y p i c a l l y  i n e x p e n s i v e  
o r g a n i c  i n s o l u b l e  f r e e  r a d i c a l  i n i t i a t o r ,  p o t a s s i u m  
p e r o x y d i s u l f a t e  K2 S 2 0 g i n t o  s o l u t i o n  and b u l k  p r o c e s s e s  
where  a s  p r e v i o u s l y  i t  c o u l d  o n l y  be u s e d  i n  w a t e r  ba sed  
s y s t e m s  s uc h  a s  i n  e m u l s i o n  p o l y m e r i z a t i o n s .  A p h as e  
t r a n s f e r  c a t a l y s t  s u c h  a s  1 , 4 , 7 , 1 0 , 1 3 , 1 6 -  
h e x a o x a c y c l o o c t a d e c a n e  ( 1 8 - c r o w n - 6 )  has  been  shown t o  
p r o d u c e  a t r e m e n d o u s  a c c e l e r a t i o n  o f  t h e  r a t e  o f  
d i s a p p e a r a n c e  o f  p e r o x y d i s u l f a t e . T h i s  a c c e l e r a t i o n  a l l o w s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
181
CM
in
Wi
0)e
>>
H
OOu
O
O
CO
*4
o
o
CO
n
<uos
•
sr
cu
r-C
.o
CO
H
u
§ g
s  3
•H o n  ft o o
§• “  
O Vto  o
§
P
Ps»d*oa
pvabo
pa
3  •
*o p
2 *cu
co
*Hpo
(0pa
p ^
E V 
Eh w
a  o E •p w
E-t
U
O
Ptd
up
E pO rHc Oo EEo U>o w
P
Pcti(4
P
to
&3
CO
p
ft
§
CO
W)
CNJ
CM
Ox
V>
NO
CO
o w<n
o
© ca
CM
ca
C^
NO•3* o • o
CM
CM
V\
O
\a XAXA
XAxa
CQM
<
NO NO
co c 00 C
o  £ O  £CM O CM O
CO b CO (4CM P CM P
bd i 1
00 CO
rH rH
XAOO
< 1  
i  S
.d*o
o
o
d
co
CM
Oo
0 0
CM
P  ,-N
2  H 
2  °  T3 O*a •3 .
pp
3»o
TJa
§
c^.
On
P
P  rH 
3  O  *3 O •C • 
0  • 
CO
§ ^
CM
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
182
p o l y m e r i z a t i o n s  t o  be c a r r i e d  o u t  a t  s u b s t a n t i a l l y  l ower  
t e m p e r a t u r e s  and o r  i n  much s h o r t e r  t i m e s .  The f o r m u l a t i o n  
o f  i n i t i a t i o n  s e q u e n c e  h as  n o t  y e t  c o m p l e t e l y  e l u c i d a t e d ,  
b u t  i t  i s  b e l i e v e d  t h a t  t h e  d r a m a t i c  a c c e l e r a t i n g  e f f e c t  
t h a t  1 8 - c r o w n - 6  h a s  on t h e  r a t e  o f  d i s a p p e a r a n c e  o f  
p o t a s s i u m  p e r o x y d i s u l f a t e  i s  due t o  a r a d i c a l  c h a i n  p r o c e s s  
( e q .  4 - 9 ) ,  i n  which  crown i s  b e i n g  o x i d i z e d ,  r a t h e r  t h a n  t o  
t h e  g e n e r a t i o n  o f  " n a k e d "  p e r o x y d i s u l f a t e  i o n  ( e q .  4 - 1 0 )  a s  
shown i n  Scheme 4 - 9 .  Thus ,  K2 S 2 0 g and 1 , 4 , 7 , 1 0 , 1 3 , 1 6 -  
h e x a o x a c y c l o o c t a d e c a n e  ( 1 8 - c r o w n - 6 )  a s  p h a s e  t r a n s f e r  
c a t a l y s t  e f f e c t e d  a g r a f t  c o p o l y m e r i z a t i o n  o f  IEM a d d u c t  
w i t h  MMA a s  shown i n  Scheme 4 - 1 0 .  The g r a f t  c op o l yme r  was 
n o t  c o m p l e t e l y  s o l u b l e  i n  c h l o r o f o r m ,  a good s o l v e n t  f o r  
b o t h  t h e  IEM a d d u c t  and p o l y ( m e t h y l m e t h a c r y l a t e ) . 
P u r i f i c a t i o n  o f  52 was c a r r i e d  o u t  by e x t r a c t i n g  t h e  
r e a c t i o n  p r o d u c t  i n  c h l o r o f o r m  f o r  24 h o u r s .  The r e s u l t i n g  
i n s o l u b l e  g e l  was s e p a r a t e d  f rom t h e  l i q u i d  c h l o r o f o r m  p ha se  
by f i l t r a t i o n  t h r o u g h  a f i n e  s e i v e  (40 Mesh) ;  b o t h  i n s o l u b l e  
g e l  and t h e  s o l i d  r e s i d u e  f rom t h e  c h l o r o f o r m  e x t r a c t  were  
d r i e d .  The n i t r o g e n  c o n t e n t  o f  t h e  g r a f t  cop o l y me r  
f r a c t i o n s  was found  t o  be 4.17% and 3 .56%,  which  was 
c a l c u l a t e d  t o  c o n t a i n  0 . 3 5  and 0 . 2 5  mole  f r a c t i o n  o f  IEM 
a d d u c t  r e s p e c t i v e l y  ( s a m p l e  3 i n  T a b l e  4 - 7 ) .  T h a t  IEM 
a d d u c t  c o n t e n t  o f  t h e  g r a f t  c op o l y m e r  f rom t h e  l i q u i d  
c h l o r o f o r m  p h a s e  was l o w er  t h a n  t h e  IEM a d d u c t  c o n t e n t  f rom 
t h e  s o l i d  p h a s e ,  may be due t o  t h e  h i g h e r  c o n t e n t  o f  t h e  
homopolymer  o f  MMA. G r a f t  c o p o l y m e r ,  25 ( s a m p l e  3 i n  T a b l e
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4 - 7 )  was c o n f i r m e d  f rom b o t h  NMR and IR s p e c t r a  a s  
i l l u s t r a t e d  i n  F i g u r e  4 -17  and F i g u r e  4 - 1 8  r e s p e c t i v e l y .
The NMR s p e c t r u m  o f  s w o l l e n  po lymer  g e l  52 o b s e r v e d  i n  
F i g u r e  4 - 1 7  e x h i b i t e d  a v e r y  s m a l l  i n t e n s i t y  c o r r e s p o n d i n g  
t o  a r o m a t i c  backbone  a t  low f i e l d .  The i n f r a r e d  s p e c t r u m  of  
g r a f t  cop o ly me r  52 showed a s h a r p  peak  f o r  C=0 s t r e t c h  a t  
1734 cm ^ . T h i s  p o s i t i o n  was s h i f t e d  s l i g h t l y  f rom t h e  IEM 
a d d u c t  (1718 cm * ) .
4 . 4  C o p o l y m e r i z a t i o n
P r e p a r a t i o n  o f  p o l y ( a r y l e t h e r  p y r i d i n e ) ,  54 , f rom
2 , 6 - d i c h l o r o p y r i d i n e , 53 , and b i s p h e n o l - A  was c a r r i e d  o u t .
1 13The f o r m a t i o n  o f  54 was c o n f i r m e d  f rom t h e  H , C-NMR and 
FT-IR s p e c t r u m  a s  shown i n  F i g u r e  4 - 19  t o  F i g u r e  4-21  
r e s p e c t i v e l y .  C o n s e q u e n t l y  c o p o l y m e r i z a t i o n  o f  p o l y s u l f o n e  
and p o l y ( a r y l e t h e r  n i t r i l e )  o r  p o l y ( a r y l e t h e r  p y r i d i n e )  were  
a l s o  s t u d i e d .  Thus ,  p o l y s u l f o n e - c o - p o l y ( a r y l e t h e r  n i t r i l e )  
and p o l y s u l f o n e - c o - p o l y ( a r y l e t h e r  p y r i d i n e )  were  p r e p a r e d  by 
c o n d e n s a t i o n  o f  b i s p h e n o l - A  and 4 , 4 ' - d i c h l o r o d i p h e n y l s u l f o n e  
w i t h  2 , 6 - d i c h l o r o h e n z o n i t r i l e  , o r  2 , 6 - d i c h l o r o p y r i d i n e .
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4 . 5  E x p e r i m e n t a l
M a t e r i a l s  : Co mm e r c i a l l y  a v a i l a b l e  l i t h i u m  aluminum 
hydr ide (LAH)  i n  THF, K2 C03 , KHC03 , K ^ O g ,  CS2 , and 
1 , 4 , 7 , 1 0 , 1 3 , 1 6 - h e x a c y c l o o c t a d e c a n e ( 1 8 - c r o w n - 6 )  were  used  as  
r e c e i v e d  f rom c o m me r c i a l  s o u r c e s .  R ea ge n t  g r a d e  N - m e t h y l - 2 -  
p y r r o l i d o n e ( N M P ) , t o l u e n e ,  c h l o r o f o r m ,  m e t h a n o l  and 
i o d o m e t h a n e  were d r i e d  and d i s t i l l e d  b e f o r e  u s e .  THF was 
d r i e d  o v e r  sodium benzo p h e no n e  k e t y l  and d i s t i l l e d  b e f o r e  
u s e .  2 , 2 ’ - B i s ( 4 - h y d r o x y p h e n y l ) p r o p a n e  ( b i s p h e n o l - A ) ,  4 , 4 ' -  
d i c h l o r o d i p h e n y l s u l f o n e  and 2 , 6 - d i c h l o r o b e n z o n i t r i l e  were  
r e c r y s t a l l i z e d  f rom t o l u e n e ,  t o l u e n e  and a c e t o n e  
r e s p e c t i v e l y .  I s o c y a n a t o e t h y 1 m e t h a c r y l a t e ,  d o n a t e d  by Dow 
C h e m i c a l ,  USA, was d i s t i l l e d  u n d e r  vacuum,  b . p .  54 - 55  °C a t  
1 mm Hg. Methy l  m e t h a c r y l a t e  was vacuum d i s t i l l e d  u n d e r  N2 , 
b . p .  33 - 35  °C a t  60 mm Hg.
P r e p a r a t i o n  o f  p o l v r o x y - 1 , 4 - p h e n v l e n e - ( l - n r e t h y l e t h y l i d e n e ) -
1 . 4 - p h e n y l e n e - o x v - ( 2 - c y a n o ) - l , 3 - p h e n y l e n e 1 . 4 4 .
The po lymer  was s y n t h e s i z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  
of  McGrath e t  a l ^ *  u s i n g  a m i x t u r e  o f  b i s p h e n o l - A ,  2 2 . 8 3  g 
( 0 . 1 0  m o l e ) ,  2 , 6 - d i c h l o r o b e n z o n i t r i l e , 1 7 . 2 0  g ( 0 . 1 0  mole)  
i n  165 ml o f  NMP and 75 ml o f  t o l u e n e  i n  a 500 ml 4 - n e c k e d  
round  b o t t o m f l a s k  f i t t e d  w i t h  a n i t r o g e n  i n l e t ,  a Dean-  
S t a r k  t r a p  f i t t e d  w i t h  a c o n d e n s e r ,  a t h e r m o m e t e r  and a 
m e c h a n i c a l  s t i r r e r .  Powdered a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  
14 . 52  g ( 0 . 1 0 5  mole )  was used  t o  form t h e  b i s p h e n o l a t e  s a l t .  
The n i t r o g e n  s p a r g e d  r e a c t i o n  m i x t u r e  was h e a t e d  u nd e r
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r e f l u x  u n t i l  t h e  w a t e r  was removed c o m p l e t e l y  f rom t h e  
s y s t e m  by t o l u e n e - w a t e r  a z e o t r o p i c  d i s t i l l a t i o n .  When i t  
a p p e a r e d  t h a t  no a d d i t i o n a l  w a t e r  was b e i n g  c o l l e c t e d ,  
t o l u e n e  was q u a n t i t a t i v e l y  removed f rom t h e  r e a c t i o n  s ys t em 
by d i s t i l l a t i o n .  P o l y m e r i z a t i o n  was c o m p l e t e d  a t  170 °C i n  
4 h r .  The v i s c o u s  s o l u t i o n  was a l l o w e d  t o  c o o l  t o  room 
t e m p e r a t u r e  and n e u t r a l i z e d  w i t h  g l a c i a l  a c e t i c  a c i d  and ,  
t h e n ,  was p r e c i p i t a t e d  i n t o  1 . 5  l i t e r s  1 :1  volume m i x t u r e  o f  
w a t e r  and m e t h a n o l  u s i n g  a h i g h  s pee d  b l e n d e r .  A f t e r  
r e p r e c i p i t a t i o n  o f  44 f rom c h l o r o f o r m  i n t o  m e t h a n o l  and 
d r y i n g  i n  v a c u o . 3 0 . 5  g (93 .3%)  o f  po ly me r  w i t h  an 
[ "P ]CHClg = 0 . 5 9  d l / g  was o b t a i n e d .
NMR (CDClg) a s  shown i n  F i g u r e  4-1  : 5  1 . 62  (s^,
2-CJl3 ) ;  6 . 5 3  (d ,^ 2 -Ar-H meta  t o  -CN);  7 . 0 5  (d_, 4 -Ar-H meta  
t o  -C(CH3 ) 3 ) ; 7 . 2 9  (d_, 4-Ar-JH o r t h o  t o  -C(CH 3 ) 3  and 7 . 3 8  ppm 
(1 - Ar -H p a r a  t o  -CN) .  NMR CDC13 ) a s  shown i n  F i g u r e  4 -2
and i n  T a b l e  4 - 4  : 6  3 0 . 91  (C-CH3 ) ;  4 2 . 3 8  (CH3 ~C-CH3 ) ;
1 12 . 97  ( - CN) ;  9 5 . 0 ,  1 0 9 . 9 5 ,  1 1 9 . 7 0 ,  1 2 8 . 3 2 ,  1 3 4 . 0 8 ,  1 4 7 . 2 9 ,  
1 5 2 . 7 0  and 1 61 .2 7  ppm ( a r o m a t i c  C.). IR ( f i l m )  : 2220 cm  ^
( -CN) a s  shown i n  F i g u r e  4 - 3 .
A n a l .  C a l c d .  f o r  C2 2 H1 7 NO2  : C» 8 0 . 7 1 ;  H, 5 . 2 3 ;  0,  
9 . 7 7 ;  N, 4 . 2 8 .  Found : C, 8 0 . 4 8 ;  H, 5 . 3 5 ;  0 ,  9 . 5 9 ;  N, 4 . 2 5 .
P r e p a r a t i o n  o f  p o l v f o x y - 1 , 4 - p h e n y l e n e - ( l - m e t h y l e t h v l i d e n e ) -
l , 4 - p h e n v l e n e - o x y - ( 2 - a m i n o m e t h v l ) - l , 3 - p h e n v l e n e 1 . 4 5 .
A 250 ml 3 - n e c k e d  r ound  b o t t o m f l a s k  f i t t e d  w i t h  a 
r u b b e r  s e p t u m ,  m a g n e t i c  s t i r r i n g  b a r ,  r e f l u x  c o n d e n s e r ,
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n i t r o g e n  i n l e t  and p r e s s u r e  e q u a l i z i n g  a d d i t i o n  f u n n e l ,  was 
c h a r g e d  w i t h  25 ml o f  1 , 0  M s o l u t i o n  of  LAH i n  THF. A f t e r  
i m me rs in g  t h e  f l a s k  i n  a i c e  s a l t  b a t h  a t  0 °C,  a s o l u t i o n  
o f  1 . 6 4  g ( 5 . 0  meq) o f  4 4  i n  120 ml o f  THF was added o ve r  a 
p e r i o d  o f  20 min .  A f t e r  m a i n t a i n i n g  t h e  s t i r r e d  s l u r r y  a t  
0 °C f o r  24 h r ,  t h e  m i x t u r e  was h e a t e d  t o  r e f l u x  f o r  1 h r .  
The m i x t u r e  was r e c o o l e d  t o  5 ° C w h i l e  2 ml o f  w a t e r  were  
added  t o  decompose  t h e  e x c e s s  LAH. The s o l v e n t s  were  f l a s h  
d i s t i l l e d  and t h e  r e s i d u e  was d r i e d  i n  vacuo f o r  12 h r .  The 
po lyme r  can  be p r e c i p i t a t e d  f rom e i t h e r  i n t o  a )  500 ml 20.0% 
sodium p o t a s s i u m  t a r t r a t e  o r  b)  500 ml 5% HC1 t o  d e s t r o y  t h e  
am i ne - a l um i nu m c om p l e x .  The po l ymer  was f i l t e r e d ,  
r e s l u r r i e d  i n w a t e r ,  n e u t r a l i z e d  w i t h  sodium h y d r o x i d e  (The 
n e u t r a l i z a t i o n  i s  r e q u i r e d  o n l y  f o r  t h e  po l ymer  t h a t  was 
p r e c i p i t a t e d  i n  5% HC1).  A f t e r  a f i n a l  r e p r e c i p i t a t i o n  o f  
t h e  p o l y a m i n e  f rom c h l o r o f o r m  i n t o  w a t e r  and d r y i n g  i n  vacuo 
a t  35 °C f o r  24 h r ,  1 . 2 0  g (72 . 3%)  o f  p o l y ( a m i n o m e t h y l a r y 1 
e t h e r ) ,  4 5  , was o b t a i n e d ,  [ f |  ] CHCl^ = 0 . 3 0  d l / g .
A d d i t i o n  o f  a few d r o p s  o f  5% a q u e o u s  n i n h y d r i n  t o  a 
s l u r r y  o f  4 5  i n  w a t e r  and warming t o  40 °C f o r  5 min.  
p r o d u c e d  a d a r k  p u r p l e  c o l o r  w i t h i n  t h e  p r e c i p i t a t e .  Back 
t i t r a t i o n  o f  a 100 mg o f  4 5  , wh ich  had been  s oa ke d  i n  10 ml 
o f  0 . 1  N HC1 and 6  ml o f  m e t h a n o l  f o r  24 h r ,  w i t h  0 . 0 9 7 4  N 
NaOH was c o n s i s t e n t  w i t h  t h e  p r e s e n c e  of  0 . 7 7  amino 
g r o u p / r e p e a t i n g  u n i t  a s  shown i n  F i g u r e  4 - 6 .
 ^ NMR (CDClg) a s  shown i n  F i g u r e  4 - 7  : 6  1 . 67  (s.,
2 -CI1 2  an<* NIL,); 3 . 9 1  (,s, CH^);  6 . 6 6  (d^, 2-Ar- I I  meta  t o
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-CH2 NH2 ) ;  6 . 91  ( I ,  4-Ar -H meta  t o  C(CH3 ) 3 ) ;  7 . 2 3  ppm ( d ,  
4-Ar-H o r t h o  t o  C(CH3 ) 3  and 1-Ar-H. p a r a  t o  -CH2 NH2 ) .
NMR (CDClg) a s  shown i n  F i g u r e  4 - 8  and i n  T a b l e  4 - 4  : §
3 0 . 9 5  (C-CH3 ) ;  3 5 . 4 7  (CH2 -NH2 ) ;  4 2 . 0 4  (CH3 -C-CH3 ) ;  1 1 4 . 0 4 ,  
1 1 7 . 6 7 ,  1 2 8 . 0 2 ,  1 2 8 . 0 3 ,  1 4 5 . 4 5 ,  1 55 . 18  and 1 5 7 . 0  ppm 
( a r o m a t i c  (3 ) . IR (KBr) a p p e a r e d  i n  F i g u r e  4 - 4 .
Ana l .  C a l c d .  f o r  C2 2 H2 j N0 2  : C, 7 9 . 7 3 ;  H, 6 . 3 9 ;  0,
9 . 6 5 ;  N, 4 . 2 3 .  Found ; C, 7 9 . 3 3 ;  H, 6 . 4 2 ;  0 ,  9 . 9 0 ;  N, 4 . 0 7 .
P r e p a r a t i o n  o f  p o l y T o x y - 1 . 4 - p h e n y l e n e - ( 1 - m e t h y l e t h y l i d e n e ) -
1 . 4 - p h e n v l e n e - o x y - ( 2 - t r i m e t h y l a m m o n i u m  m e t h v l ) - 1 . 3 -  
p h e n y l e n e 1. 4 6 .
A s l u r r y  o f  4 5 ,  0 . 3 3  g ( 0 . 0 0 1  mole )  was s t i r r e d  w i t h
1 , 2 5  ml ( 0 . 0 2  mole )  o f  i o d o m e t h a n e  and 1 . 0  g ( 0 . 0 1  mole )  of  
a n h y d r o u s  p o t a s s i u m  b i c a r b o n a t e  i n  20 ml m e t h a n o l  a t  25 °C 
f o r  24 h r  u nde r  a n i t r o g e n  a t m o s p h e r e .  A f t e r  r emov i ng  t h e  
i n o r g a n i c  s a l t s  by f i l t r a t i o n ,  t h e  f i l t r a t e  was e v a p o r a t e d  
t o  d r y n e s s ,  t h e  r e s i d u e  was washed w i t h  s e v e r a l  a l i q u o t s  o f  
d i s t i l l e d  w a t e r  t o  e x t r a c t  r e s i d u a l  i n o r g a n i c s ,  and 
r e d i s s o l v e d  i n  m e t h a n o l .  I s o l a t i o n  o f  t h e  p r o d u c t  by 
r e p r e c i p i t a t i o n  i n t o  w a t e r  and d r y i n g  i n  vacuo  a t  35 °C f o r  
24 h r  y i e l d e d  0 . 4 0 g  (80%) o f  p o l y s a l t ,  4 6  , [ f |  ] CH3 0H =
0 . 7 0  d l / g .
NMR (CD3 0D) a s  shown i n  F i g u r e  4 - 9  : 6  1 . 7 2  (s^,
2-CH3 ) ;  3 . 3 0  ( s ,  3-CH.3 ) ;  4 . 8 1  ( s ,  -CH2 ) ;  6 . 5 7  ( d ,  2-Ar-H 
meta  t o  -CH2 ~N(CH3 ) 3 I )  ; 7 . 1 0  (d ,^ 4-Ar-JH o r t h o  t o  - 0 - ) ;  and
7 . 3 7  ppm (d_, 4-ArH. o r t h o  t o  -C(CH 3 ) 3  and 1-Ar-H p a r a  t o
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-CH2 -N(CH3 ) 3 I ) . 13C NMR (CD^OD) a s  shown i n  F i g u r e  4 - 1 0  :
6  3 1 . 3 9  (C-CH3 ) ;  4 3 . 5 0  (CHg-C-CHg);  5 4 . 4 7  ( - N- (CH3 ) 3 ) ;
6 0 . 4 4  (CH2 -NH2 ) ;  1 1 1 . 7 9 ,  1 2 0 . 9 3 ,  1 2 9 . 7 6 ,  1 3 4 . 2 3 , 1 4 8 . 7 9 ,  
1 5 4 . 2 6  and 1 60 . 61  ppm ( a r o m a t i c  C ) .
A na l .  C a l c d . f o r  C2 5 H2 gNI0 2  : C, 5 9 . 8 9 ;  H, 5 . 6 3 ;  N, 
2 . 7 9 ;  I ,  2 5 . 3 1 .  Found : C, 5 8 . 3 7 ;  H, 5 . 7 3 ;  N, 2 . 1 8 ;  I ,  
2 1 . 7 9 .  The r e s u l t s  were  c o n s i s t a n t  w i t h  an e x t e n t  o f  
s u b s t i t u t i o n  o f  0 . 8 0 .
P r e p a r a t i o n  o f  p o l v T o x y - 1 , 4 - p h e n v l e n e - ( l - m e t h v l e t h y l i d e n e ) -
l , 4 - p h e n y l e n e - o x v - ( 2 - s o d i o d i t h i o c a r b a m y l m e t h v l ) - 1 . 3 -  
p h e n v l e n e 1. 4 9 .
Carbon d i s u l f i d e  ( 1 . 2  ml)  was added  d r o p w i s e  t o  a 
m i x t u r e  o f  4 5 ,  0 . 3 3  g i n  20 ml o f  c h l o r o f o r m  and 0 . 5  ml o f  
40% NaOH w h i l e  s t i r r i n g  a t  room t e m p e r a t u r e .  A d d i t i o n  
r e q u i r e d  5 min ,  t h e  r e s u l t a n t  o r a n g e  s l u r r y  was s t i r r e d  f o r  
an a d d i t i o n a l  15 min .  The o r a n g e  p r e c i p i t a t e  was r e c o v e r e d ,  
washed s e q u e n t i a l l y  w i t h  p e t r o l e u m  e t h e r  and a c e t o n i t r i l e , 
and d r i e d  i n  v a c u o ; 0 . 3 4  g (79%) o f  t h e  p o l y ( d i t h i o c a r b a m a t e  
s a l t ,  4 9  , was o b t a i n e d .
A n a l .  Found : C, 5 0 . 1 6 ;  H, 4 . 1 2 ;  N, 2 . 3 8 ;  S,  9 . 8 2 .
The a n a l y s i s  i n d i c a t e s  t h a t  0 . 6 6  d i t h i o c a r b a m a t e  u n i t  /  
r e p e a t  u n i t  were  i n t r o d u c e d .
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P r e p a r a t i o n  o f  I s o c y a n a t o e t h y l  m e t h a c r y l a t e  (IEM) a d d u c t .
51.
A s o l u t i o n  o f  0 . 8 3  g o f  45 i n  35 ml o f  c h l o r o f o r m  was 
t r e a t e d  w i t h  3 . 5  ml o f  IEM, 51 .  The r e a c t i o n  was a l l o w e d  t o  
p r o c e e d  f o r  48 h r  a t  25 °C b e f o r e  t h e  volume o f  t h e  s o l u t i o n  
was r e d u c e d  t o  a b o u t  15 ml i n  vacuo and t h e  a d d u c t  
p r e c i p i t a t e d  i n  m e t h a n o l .  A f t e r  wa sh in g  i n  a c e t o n e  and 
d r y i n g  f o r  24 h r ,  0 . 9 6  g (78 .3%)  o f  51 was r e c o v e r e d .
■^H NMR (CDClg) a s  shown i n  F i g u r e  4 - 14  : 6  1 . 67  (s_,
2-CH3 ) ;  1 . 8 4  ( s ,  CH2 =C-CH.3 ) ;  3 . 4  (s., -CH.2 -NH);  4 . 1  ( s ,  
-CH2 - 0 - ) ;  4 . 4 2  (s.,  Ar-CH 2 ~NH); 5 . 2 0  (s., 2 - NH) ; 5 . 4 5 ,  6 . 01  
( s ,  -C=CH2 ) ;  6 . 5 7  ( d ,  2-Ar-H meta  t o  -CH 2 ~NH-);  6 . 91  ( d_, 
4-Ar -H meta  t o  -C(CH3 ) 3 ) ;  and 7 . 2 0  ppm (jd, 4-Ar-H^ o r t h o  t o  
-C(CH 3 ) 3  and 1 -Ar-H p a r a  t o  -CH2 ~NH-) .  13C NMR (CDCL3 ) a s
shown i n  F i g u r e  4 - 1 5  and T a b l e  4 -4  : 6  1 8 . 33  (CH2 =C-CH3 ) ;
31 .1 1  (C-CH3 ) ;  3 4 . 4 4  (NH-CH2 ) ;  3 9 . 7 2  (Ar-CH 2 ~NH); 4 2 . 5 0  
(CH3 -C-CH3 ) ;  6 4 . 1 7  (CH2 - 0 ) ;  126 .11  (C=CH2 ) ;  136 .11  
(CH2 =C-CH3 ) ;  1 5 8 .0 6  (NH-C-NH); 1 67 .5 0  ( - 0 - 0 = 0 ) ;  1 1 3 . 0 6 ,  
1 1 8 . 6 1 ,  1 2 0 . 8 ,  1 2 8 . 3 3 ,  1 2 9 . 1 7 ,  1 4 6 . 1 1 ,  1 5 4 . 7 2 ,  and 156 . 39  
ppm ( a r o m a t i c  C.). IR (KBr) a p p e a r e d  i n  F i g u r e  4 - 1 6 .
A na l .  C a l c d .  f o e  C2 gH3 ()N2 0 5  : C, 7 1 . 5 9 ;  H, 6 . 2 2 ;  N, 
5 . 7 6 ;  0 ,  1 6 . 4 4 .  Found : C, 7 0 . 5 5 ;  H, 6 . 4 0 ;  N, 5 . 5 2 .  The 
a n a l y s i s  i n d i c a t e d  t h a t  0 . 9 6  a d d u c t  /  r e p e a t  u n i t  were  
i n t r o d u c e d .
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P r e p a r a t i o n  of  p o l v ( m e t h y l  m e t h a c r y l a t e - e - p o l v a m i n e  a d d u c t ) .  
52 .
A s o l u t i o n  o f  0 . 7 8  g ( 1 . 6  raeq) o f  p o l y a mi n e  a d d u c t ,
51 , and 0 . 6 4  g ( 6 . 4  meq) f r e s h l y  d i s t i l l e d  m e t hy l  
m e t h a c r y l a t e  (MMA) i n  20 ml o f  THF was h e a t e d  a t  55 °C f o r  
5 h r  u n d e r  n i t r o g e n  a t m o s p h e r e  w i t h  0 . 0 1 7  g ( 0 . 0 6 4  mmole) of  
an(* 0 * 0 - ^  g ( 0 . 1 2 8  mmole) o f  1 8 - c r o w n - 6 .  The 
s l i g h t l y  c l o u d y  s o l u t i o n  was p r e c i p i t a t e d  i n  a 500 ml o f  1:1 
volume m i x t u r e  o f  w a t e r  and m e t h a n o l ;  f i l t e r e d  and d r i e d  i n  
v a c u o . A f t e r  e x t r a c t i o n  o f  t h e  r e s i d u e  i n  100 ml of  
c h l o r o f o r m ,  t h e  g e l - l i k e d  po lymer  was s e p a r a t e d  f rom t h e  
s l i g h t l y  c l o u d y  c h l o r o f o r m  s o l u t i o n  by u s i n g  a s i e v e ( 4 0  
Mesh) .  A f t e r  d r y i n g  i n  v a c u o , a b o u t  l .OOg o f  g r a f t  
copo l ymer  52 was o b t a i n e d .  The c o m p o s i t i o n  o f  t h i s  
c opo l ymer  was shown i n  T a b l e  4 - 7 .  NMR and IR were
a p p e a r e d  i n  F i g u r e  4 - 1 7  and 4 - 18  r e s p e c t i v e l y .
P r e p a r a t i o n  o f  p o l y f o x y - l . 4 - p h e n v l e n e - ( 1 - m e t h y l e t h y l i d e n e ) -
l , 4 - p h e n v l e n e - o x y - 2 . 6 - p v r i d i n e 1 .  5 4 .
A s o l u t i o n  o f  11 .41  g ( 0 . 0 5  mole )  o f  B i s p h e n o l - A  and 
7 . 4 0  g ( 0 . 0 5  mole)  o f  2 , 6 - d i c h l o r o p y r i d i n e  i n  82 ml NMP and 
37 ml t o l u e n e  was b l e n d  w i t h  7 . 2 6  g ( 0 . 0 5 2 5  mole )  o f  
powdered a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  i n  a 250 ml round  
b o t t o m f l a s k  u nd e r  n i t r o g e n  a t m o s p h e r e .  Wate r  was removed 
by a z e o t r o p i c  d i s t i l l a t i o n  w i t h  t o l u e n e  and f o l l o w e d  w i t h
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t h e  t o l u e n e  d i s t i l l a t i o n .  The r e a c t i o n  m i x t u r e  was
m a i n t a i n e d  a t  170 °C f o r  4 h r .  The s o l u t i o n  was a l l o w e d  t o
c o o l  t o  room t e m p e r a t u r e  and c a r e f u l l y  n e u t r a l i z e d  w i t h
g l a c i a l  a c e t i c  a c i d  u n t i l  t h e  s o l u t i o n  was s l i g h t l y  a c i d i c .
The p o l ymer  was r e c o v e r e d  by p r e c i p i t a t i o n  t h e  m i x t u r e  i n t o
one l i t e r  1 : 1  volume m i x t u r e  o f  w a t e r  and m e t h a n o l  and was
c o l l e c t e d  by s u c t i o n  f i l t r a t i o n .  The s o l i d  was added  and
s t i r r e d  i n t o  a 500 ml o f  w a t e r  and n e u t r a l i z e d  w i t h  0 . 2  N
NaOH u n t i l  t h e  s o l u t i o n  had pH ® 7 .  The s o l i d  was f i l t e r e d
a g a i n  by s u c t i o n  f i l t r a t i o n  and washed w i t h  1  l i t e r  o f  c o l d
w a t e r .  A f t e r  r e p r e c i p i t a t i o n  o f  54 f rom c h l o r o f o r m  i n t o
m e t h a n o l  and d r y i n g  i n  v a c u o . 1 3 . 7 3  g (90 . 5%)  o f  po lymer
w i t h  a [ n  ] CHC13  = 0 . 0 9 8  d l / g .
^H NMR (CDClg) a s  shown i n  F i g u r e  4 - 1 9  : (5 1 . 65  (s^,
2—C )» 6 . 4 5  (d^ 2-11 on p o s i t i o n  3 , 5  o f  p y r i d i n e ) ;  7 . 0 3  (d^
4-Ar-H o r t h o  t o  - 0 - )  ; 7 . 2 0  ( d_, 4-Ar - j l  o r t h o  t o  -C(CH3 ) 3 ) ;
13and 7 . 5 5  ppm (t_, H. on p o s i t i o n  4 o f  p y r i d i n e ) .  C NMR 
(CDCl^) a s  shown i n  F i g u r e  4 - 2 0  : 6  3 1 . 0 4  (C-CH^);  4 2 . 2 8
(CH3 -C-CH3 ) ;  1 0 4 . 1 8 ,  1 2 0 . 3 8 ,  1 2 7 . 8 6 ,  1 4 2 . 0 0 ,  1 4 6 . 7 1 ,  1 5 1 . 8 2 ,  
and 1 62 . 62  ppm ( a r o m a t i c  (1). IR (KBr) : 1431 cm * (C=N r i n g  
s t r e c t c h i n g )  a s  shown i n  F i g u r e  4 - 2 1 .
A n a l .  C a l c d . f o r  C2 ()H1 7 N02  : C, 7 9 . 1 9 ;  H, 5 . 6 5 ;  N,
4 . 6 2 ;  0 ,  1 0 . 5 5 .  Found : C, 7 5 . 2 1 ;  H, 5 . 5 3 ;  N, 4 . 4 2 .
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P r e p a r a t i o n  o f  p o l v T ( o x y - 1 . 4 - p h e n v l e n e - ( l - m e t h v l e t h v l i d e n e ) -
1 . 4 - p h e n y l e n e - o x v - 1 . 4 - p h e n v l e n e s u l f o n y l - 1 . 4 - p h e n v l e n e ) - c o -  
( o x y - 1 . 4 - p h e n y l e n e - C l - m e t h v l e t h v l i d e n e ) - l . 4 - p h e n v l e n e - o x v -  
( 2 - c y a n o ) - l . 3 - p h e n y l e n e ) 1.  5 5 .
B i s p h e n o l - A  11 . 41  g ( 0 . 0 5  m o l e ) ,  4 , 4 ’ - d i c h l o r o -  
d i p h e n y l s u l f o n e  8 . 6 1  g ( 0 . 0 3  m o l e ) ,  and 2 , 6 - d i c h l o r o -  
b e n z o n i t r i l e  3 . 4 4  g ( 0 . 0 2  mole )  i n  82 ml NMP and 37 ml 
t o l u e n e  was b l e n d  w i t h  7 . 2 6  g ( 0 . 0 5 2 5  mol e )  o f  powered 
a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  i n  a 250 ml r ound  bo t tom 
f l a s k .  C o p o l y m e r i z a t i o n  was c o m p l e t e d  a t  170 °C i n  5 h r .  
A f t e r  r e p r e c i p i t a t i o n  o f  5 5  f rom c h l o r o f o r m  i n t o  m e t h a n o l  
and d r y i n g  i n  v a c u o . 1 9 . 0  g ( 9 5 . 8 )  o f  po l ymer  w i t h  a 
[ T) ] CHClg = 0 . 1 4  d l / g  was o b t a i n e d .
*H NMR (CDClg) a s  shown i n  F i g u r e  4 - 2 2  : <5 1 .71  (is,
4-C.Hg); 6 . 5 0  (d ,^ 2 -Ar-H meta  t o  -CN);  6 . 9 5  (d., 8 -Ar-H meta  
t o  -C(CH3 ) 3 ) ;  7 . 0 5  (d., 4 -Ar-H meta  t o  - S 0 2~ ) ;  7 . 2 5  (d.,
8 -Ar -H o r t h o  t o  -C(CH 3 ) 3  and 1-Ar-II  p a r a  t o  -CN);  and 7 . 8 5  
ppm (_d, 4 -Ar -H o r t h o  t o  - S 0 2~ ) .  *"*C NMR (CDCl^) a s  shown i n
F i g u r e  4 - 2 3  : 6  3 0 . 8 7  (C-CH3 ) ;  4 2 . 3 3  (CH3 ~C-CH3 ) ;  1 12 . 98
( - CN) ;  1 0 9 . 8 9 ,  1 1 4 . 8 3 ,  1 1 7 . 5 8 ,  1 1 9 . 7 1 ,  1 2 8 . 3 4 ,  1 2 9 . 5 9 ,  
1 3 4 . 0 4 ,  1 3 5 . 2 8 ,  1 4 7 . 0 8 ,  1 5 2 . 7 1 ,  1 6 1 . 2 4 ,  and 1 61 . 86  ppm 
( a r o m a t i c  C.). IR (KBr)  : 2200 cm- * a s  shown i n  F i g u r e  4 - 2 4 .
A n a l .  Found : C, 7 1 . 4 6 ;  H, 5 . 0 4 ;  N, 1 . 3 5 ;  S,  4 . 6 6 .  The 
r e s u l t  i n d i c a t e d  t h a t  t h e  c o p o l y m e r i z a t i o n  p r o d u c t  composed 
w i t h  0 , 5 7  r e p e a t i n g  u n i t  o f  p o l y ( a r y l e t h e r  s u l f o n e )  and 0 . 3 8  
r e p e a t i n g  u n i t  o f  p o l y n i t r i l e .
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P r e p a r a t i o n  o f  p o l v f ( o x y - 1 . 4 - p h e n v l e n e - C 1 - m e t h y l e t h v l i d e n e ) -
1 . 4 - p h e n y l e n e - o x y - 1 . 4 - p h e n v l e n e s u l f o n v l - l . 4 - p h e n v l e n e ) - c o -  
( o x y - 1 , 4 - p h e n v l e n e - ( 1 - m e t h v i e t h v l i d e n e ) - l . 4 - p h e n v l e n e - o x v -  
2 , 6 - p y r i d i n e ) 1 ,  5 6 .
B i s p h e n o l - A  11 .41  g ( 0 . 0 5  m o l e ) ,  4 , 4 ' - d i c h l o r o -  
d i p h e n y l s u l f o n e  1 0 .0 5  g ( 0 . 0 3 5  mole )  and 2 , 6 - d i c h l o r o -  
p y r i d i n e  2 . 2 2  g ( 0 . 0 1 5  mole )  i n  82 ml NMP and 37 ml t o l u e n e  
was b l e n d  w i t h  7 . 2 6  g ( 0 . 0 5 2 5  mole )  o f  powered a n h y d r o u s  
K2 CO3  i n  a 250 ml round  b o t t om f l a s k  u nd e r  n i t r o g e n  
a t m o s p h e r e .  C o p o l y m e r i z a t i o n  was c o m p l e t e d  a t  170 °C i n  
6  h r .  The s o l u t i o n  was a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e ,  
g l a c i a l  a c e t i c  a c i d  was u s ed  t o  n e u t r a l i z e  t h e  s o l u t i o n  
u n t i l  t h e  s o l u t i o n  was s l i g h t l y  a c i d i c .  The p o l yme r  was 
f i l t e r e d  a f t e r  i t  h a s  been  p r e c i p i t a t e d  f rom a 1 : 1  volume 
m i x t u r e  o f  w a t e r  and m e t h a n o l .  The po l ymer  was added  and 
s t i r r e d  i n t o  a 500 ml o f  w a t e r  and n e u t r a l i z e d  w i t h  0 . 2  N 
NaOH u n t i l  t h e  s o l u t i o n  had pH = 7.  A f t e r  r e p r e c i p i t a t i o n  
o f  56 f rom c h l o r o f o r m  i n t o  m e t h a n o l  and d r y i n g  i n  v a c u o .
18 . 44  g (92 .0%)  o f  po lymer  w i t h  an [ T| ] CHCl^ = 0 . 1 0  was 
o b t a i n e d .
NMR (CDClg) a s  shown i n  F i g u r e  4 - 2 5  : 6  1 . 7 0  (s_,
4-CH,j)» 6 . 4 5  (ji ,  2-H on p o s i t i o n  3 , 5  o f  p y r i d i n e ) ;  6 . 9 5  (d ,^
8 -Ar-H. meta  t o  -C(CHg)3 ) ;  7 . 0 5  (d., 4-Ar -H meta  t o  - S 0 2- ) ;
7 . 2 5  (d., 8 -Ar-H o r t h o  t o  -C(CH3 ) 3 ) ;  7 . 6 0  (t^, t[ on p o s i t i o n  4
13of  p y r i d i n e ) ;  and 7 . 8 4  ppm ( d_, 4-Ar-H o r t h o  t o  - S 0 2~ ) .  C 
NMR (CDClg) a s  shown i n  F i g u r e  4 -26  : 5  3 0 . 9 4  (C-CH^);
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4 2 . 3 7  (CH3 -C-CH3 ) ;  1 0 4 . 2 7 ,  1 1 7 . 6 4 ,  1 1 9 . 7 7 ,  1 2 8 . 4 1 ,  1 2 9 . 6 5 ,  
1 3 5 . 3 6 ,  1 4 2 . 0 4 ,  1 4 7 . 1 2 ,  1 5 2 . 8 0 ,  1 6 1 . 9 3 ,  and 1 62 .5 5  ppm 
( a r o m a t i c  £ )  . IR (KBr) : 1431 cm * (C=N r i n g  s t r e t c h i n g )  
a s  shown i n  F i g u r e  4 - 2 7 .
An a l .  Found : C, 7 3 . 1 8 ;  H, 5 . 1 8 ;  N, 1 . 0 9 ;  S,  5 . 0 3 .  The 
r e s u l t  i n d i c a t e d  t h a t  t h e  c o p o l y m e r i z a t i o n  p r o d u c t  composed 
w i t h  0 . 7  r e p e a t i n g  u n i t  o f  p o l y a r y l  e t h e r  s u l f o n e  and 0 . 3  
r e p e a t i n g  u n i t  o f  p o l y a r y l  e t h e r  p y r i d i n e .
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